
GOVERNMENT OP INDIA 
ARCHEOLOGICAL SURVEY OF INDIA 

ARCHAEOLOGICAL 

LIBRARY 


ACCESSION NO. J: J-f ^ 

CALL No. 


I 

I 










ANNUAL REPORT 


OF THE 

BOARD OF REGENTS 

OF THE 

SMITHSONIAN INSTITUTION 


SHOWIN(; THE OPERATIONS 
EXPENDITURES, AND CONDI 
TION OF THE INSTITUTION 


FOR THE YEAR ENDING JUNE 30, 1906 




Lt. '* * V ' 4_ A \ s., • ( A ;..UL0GIGAI1^ 

LIBKAKY, NLW um,uHI. 

A**. No 



L E T T E E 


FROM THE 

SECRETARY OF THE SMITHSOXIAA lASTITlTIOA 

-U■(’OMPA^'VI^C. 

7 hi AiiliiiiiJ lii/iarf of flu llounl of liii/i ui^ oT ~lo ! ust it of loti fm' fio’ 
iji'o r I ntliiui -/ mo- .in, Ifnxi. 


-M IT 1 1 >( )X I A \ I N s'n IT TK i>' . 

■IF ov^h no/frn'i Dfit/f fo, 11/01. 
To the ( ' omj rc^K of- tht I mtnl Stiiti/-: _ . , 

In iiccordaiu'c with soction .j.j!):? of the KeviseiJ, ■^tatjite.-' of the 
ITnited States. T lia\e the honor, in lielialf of the Ihiard of Kegents^^, 
to siilnnit to Congress the Annual Eejiort of tlie operations, exitendi- 
tures. and I’ondition of the Sinithstaiian Institution for tlie year 
ending June dO. 1 !) 06 . 

T have the lionor to be. very resjieetfnlly. vour obedient servant. 

t’liA'. I). Ah\I.( OTT. 

S< f /V tit rif. 






A.XM'AL KEPOirr OF THK SMITHSOXTAX IXSTITUTIOX 
FOI! IKK YFAK EXDIXO JI XK ;5o. 


SI TS. 

1. Proceed iiigs of the Poard of Kegeiiis for tl»e sessions of Decem- 
ber 190.j. and January 2D March <■>, and 3Iay Kh litOti. 

■2. Eeport of the executive committee, exhibiting tlie financial 
affairs of the Institution, including a statement of tlie Smithson fund, 
and recei])ts and expenditures for tlie year ending June .‘lO lUOd. 

8. Annual report of the Acting Secretary, giving an account of the 
operations and condition of the Institution for tlie year ending June 
hO, 1000. with .stati'tic' of exchanges, etc. 

4. General appendix, comprising a selection of miscellaneous mem- 
oirs of interest to collaborators and coi-respondcnts of the Institution, 
teachers, and others engaged in the jiromotion of knowledge. These 
memoirs relate chietly to the calendar year lOOO. 


IV 



CONTEXTS. 


I.ctter from tho Sei-retar\', Milniiitthia: tlio Animal Koiiort of tlio Ucooiit^ 


to Coiifiri'^s III 

(Joneral subjoi-ts of tlio Animal Kopori _ _ ______ iv 

Contents of tin* Iloiiort _ _ _ _____ \ 

List of I’lates _ _ _ __ vir 

]\foinbors r,/- 0 /// 1/0 of the Ifstablisliniont _ _ Mil 

Ilcitcnts of the Sun tlisonian Institiition_ i_v 

I’Koc iiEm.vi.s OF iHE liOAini OF Rik.fxts: 

Mootings of December ~i. llKib. .lanii.iry iM. .March r>. anil .May 111. 

lilOi; XI 

IIEI'ORT OF THE Lxii I IIM, ( 'o.\i Ml 1 1 1,1: for llie \car ondin!.' -Iniie llii. r.Hill; 

('oiulition of the tniiil .Jnl.v 1. T.ioi; . _ __ . _ , _ xxiii 

Ueceijits uiul e-xpeinlitures for the year ___ xxiv 

Apiiroiiriatioii for Interuatioiial K.vlianac-., x.w 

Details of cxiieuditures of saine_ \x\ 

Approiiriation for American Ilthnolo:.'y__ _ . _ _ , .v.wii 

Dc'taihs of exin'uditures of same* xxvii 

A]iiiro[iriatiou for .Vsti'oi)liysical Observatory- . __ __ __x.x\iii 

Details of e-Xpeiidirui'es of same _ xxi.x 

Aiipropriations for the National Mitseinn _ xxx 

Details of expenditures of same __ . . ... xxx 

Aiipropnatiou for tin* Xatioiial Zoolortieal rarh__ xi i 

Details of ex|ieudifures of s, line.. ... _ xi i 

Iteeaiiitiihitiou ... _ ._ _ xrrii 

(leiieral suinm:irc__ xi.v 

Acts .\.xn Itiisoi i iio.xs oi ('oxi.in.ss I'ehiine lo Sinilhsonian Institution. 

etc* __ __ __ . __ xnii 


RKroTiT or I'liL .vci'i.xo .'siK ■ i:kt.\i;v. 

The Smithsonian Institiition__ _ _ _ _ 1 

■file Establishnieiit ._ _ ___ t 

'file Hoard of Keireiits . _ __ 4 

Oeiieral coUsicleratioiis__ __ _ _ _______ .T 

Administration _ _ _ ._ s 

Finances ... . _ . . ._. _ p 

Researchc-s ; 

Smithsonian ar.mts. ._ _ ._ _ _____ 11 

Itodalcins fniid _ . _ _ _ _ li! 

Naples table _ _ . _ 14 

Publications Id 

The* Library __ _ _ _ _ 21 

Iilternatieiial ('at.iloaue of Seli*ntiiie Literature. . . .21 

Preservation of Anieric an -\uticiuities __ _ __ __ 2;l 

(lifts to the Institution 24 

f'orresponclenec* 24 

Expositions, congresses, and celebrations _ _ __ __ 2.-| 

MiseellaueoU' _ _ _ _ _ 20 



TI 


COKTEXTS. 


Page. 


National Gallery of Art -‘7 

Tile art eolleetions of Cliarles L. l-'iver L’S 

Tlie art eolleetiou of Harriet T.ane Johnston . 20 

National Mnsemu _ _ . ;1.7 

I'.ureau of Auierieau Ethuoloirr :‘>tj 

Interuatioiial K.’^clian,i;es . _ . .'IT 

National Zoolofrical l“ark . . . _ . _ . 20 

Astrophysieal Observatory _____ ______ _ _ 4(1 

Appeiulix : 

I. Ileport on the United States National Jlu-seuni 42 

11. Itetiort on the ISuri'an of Aineriean Ktlmolo^'.i- 47 

III. lieport on tiie International ll.\;<-hani;<'s .71 

IV. Iteport on the National Zoolo,i;ieal l*ark__ _ (18 

V. Report on the Astrophysieal Observator.v 72 

7T. Iteport on the Library 70 

VH. Report on the 1‘ublieations .87 

VIIT. Report on the Lew is and ( 'lark Kxiiosition __ 88 


GENERAL Al'l’ENDIX. 


The Smithsonian Institntion 

Jlodern Theorie.s of Eleetrieity and Matter, by .Madame Curie 

Itadioaetivity, by I'ranz Uinistedt 

Ib’i-ent Advances in Wireless Ti'le.irraiihy, by G. .Marconi 

Revisions of the Tlieory of Ele<-trolysis. by 11. S. Carhart . 

Recent Progress in Astronoinii al Research, by ('. G. .Vbliot. 

Astronomy on .Mont Rhine, by II. Radau 

The Problem of the Metalliferous Veins, by .lames Enrnani Kemp 

Iron Ore Reserves, by Charles Kenneth Leith 

'file Geology of the r>iamond and Carbonado Washings of Rahia. P.razil. 

by Orville .V. Oerby 

4'he Eruption of \'esuvius in .\.|iril. P.mil. by A. Lacroix 

To the North .Ma,guetic Pole and through the Northwest Passage, by 

Ro.ild .tnuindscn 

Ii'clanil: Its Ilistoiy and Iniiabitants. by Ilerr .Ton Stefansson 

The Itecently Oiscovered Tertiarv 7'ertebrata of Egypt, by ('. W. .\ndrews 

Pol.veuibryony and the Lretermination of Se.x. b.v E. Rugnion 

-V ( oiitributioii to the Morphology of the Maninioth. Elephas jirimigenius 
Rlunienbach ; with an e.xiilanation of my attempt at a restoration, by 

E. Ptizenniayer 

Ilereditv. by L. Cueliot 

The Risons of the Caucasus, b.v Verinoloff 

The Pounding of Colonies by .Vtta sexdens. by Jakob Huber 

Quaternary Hum, in Remains in Central Europe, by Ungues (_lbermaier___ 

The Grigin of the Slavs, by Professor Zaborowski 

Scalping in .tmeriea. by Georg Friederici 

Zoology and .Medicine, by Itaphael Rlanchard 

The R7le of Chemistry in Paintiu.g. by Eugene Leiuaire 

Oils, 7 aniishes, ,ind Mediums Used in the Painting of I’ictures. by A. P. 
Lanrie 

National Reclamation of .Urid Lauds, by C. J. Rlanchard 

-nternational Science, by .Crthur Schuster 

Samuel Pierpont L.nngley. by Cyrus Adler 


07 
1P2 
117 
121 
147 
1()0 
1 1 O 

187 

207 

217 


241.» 
277 
2!t7 
2( IP 


2,21 

247 

272 

200 

422 

420 

472 


470 

4(19 

492 

517 



LIST OF PLATES. 


AsTmwoiiicAL Uesearch (Ab- 
liot) : 

1 

Plate II 

Diamokd aa’d ('arbo^;ai)0 Wasii- 
lA'es AT Bahia (I>erby) : 

Plate 1 

Plate II 

ERfPTio.N OE VKsrvirs IX 
April, lOtK’l ( Lacroix ) ; 

Plate I 

Plate II ..... 

Plate III _ . . . 

Plate IV _. 

Plate V_... 

Plate VI ___ 

Plate VI 1 

Plate VIII __ .. 

Plate IX 

Plate X 

Plate XI 

Plate XII 

Plate XIII 

Plate XII 

North M.agxetic 1’ole axd 
X O R T H \V E S T 1’ .X X S A 0 E 
( Aliluiulseu) : 

I’late I t colored I 

Plate II 

Plate III 

Plate IV 

Plate V 

Plate VI 


Morphology op the M.ymmoth 
( I’ tizenniayer ) ■ 

Plate I 

P.isoxs or THE (.'ASCAsrs ( Yer- 
iiioloff) : 

Plate I 

Plate II 


PouxuixG OF Colonies by Att.a 
Slxkexs (Huber I: 

Plate I 

Plate II 

Plate III 

Plate IV 

I'late V 

Ubl.E OF (.'lIK.MISrUY IN P.VIXT- 
ING (I.eiiiaire) : 

Plate I 


Oils .and Varnishes in Paint- 
ings (Laiiriel ; 

Plate I 

Reclam.vtio.n of Arid L.vnds 
( Blaucbard ) : 

Plate I 

Plate II 

Plate 11! 

Plate IV 

Plate V 

Plate VI 

Plate VII 


VH 



THE SMITHSONIAN INSTITUTION. 


MEMBERS EX OFFiriO OF THE • ESTAliLISIIMEXT. 

.June I'.MMi. 


'I'HKOIJORE i;oo.st\Ki,T. ITcsiik’iit (if (In- I'aited Statt^s. 
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Lesi.ie M Shaw. Se-a-etary of tlie Treasury. 

Wji.LiAjr 11. Taft. Secretary of War. 
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James Wilson. Secretary of .Vnrh nltnre. 
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RECiEXTS OF TTIE SMTTIIS( )XrAX TXSTTTIT TIOX. 


By the oryuiiizing act ajjjiroved August 10, IS-tO ( Revis('(l Statutes, 
Title LXXiri, section u.lSO), "The business of the Institution shall 
Ije conducted at the city of Washington hy a Board of Regents, named 
the Regents of the Smithsonian lnstitutit)n, to be composed of the 
Vice-l’resident, the Chief Justice of the Enileil States, three members 
of tlu“ Senate, and three memla-rs of the House of Representatives, 
together with six other persons other than iMeinhers of Congress, 
(wo of whom shall he resident in the city of Washington, and the 
(tlier four shall be inhabitants of some State, but no two of the same 
State." 


Av;o7;.\ 7'.s' ton 'I in: )i:.\i; i:\i>i\<! .irxj: .in. mm. 

Term expires. 

The Chief' .Tllsfiee ef the fluted States 

-MELVILI.E tv, FffI.El;. elected Chaiicelli.r and President 
uf the Board .January ii, ISJS'.i. 

'I'he Vice-President of tlie fiiited St.itcs. 

CII.MtPES W. F.VIKB.tXKS. ex ottici.. .March 4. Ihli.'i .Mar. .a. moh 

fnited States .steuaters; 

SIIEfP.V .M. t'ULLU.M (ai>iM>inted .March ^4. ISS.'. ; March r’s. 

l.SSil: Dtseinlier is. and Mar<-li T. IhOl) Mar. ."<,191.17 

IIENIIY C.MtO'l' T.OIXiE I appeiiiteil Deci'iiiher 7. 1! 10.7 I Mar. ">.1911 

-tfttfSTf.s (). BACON ( .ii>|«)inted Deceiiilier 7, 1907) Mar. .a. ]9o7 

Menihers uf tlie House of Itepreseiilatives : 

ItOP.EItT It. H ri”!' I ajiiiointed .\u.aust it, tX!);;: .Januar.v 4. 

1S!)4: Dta-einiier L’O. 1,S97; rteceinher 22. 1X97: .January 4, 

1900: Deceinlier l.a, 1901 ; .J.uiuary 12. 1901. and December 

la. liH)7l Dee. 27. 1997 

rtUBEU'l' AD.VMS, .Jr. (aj>pointeil Deeenilier 20. 1X97; De- 
ceniher 22. 1,X97 : .January -t, 1900; r>eeeuiher 12, lOol ; 

.Januar.v 12. 1904, and Deceinber 1.",. 190.7. Died .June 1, 

1900) 

Ilfttri .\. DI.'fS.MDUE (appointed .January 4. 1900; Deeeni- 


l)er Jo, loot, and .January 12. 1904) __ Dec. 27,1907 

tVILLI.tM M. IIOWAUD (appointed December 1.'!. 190.7) Dee. 2.7. 1907 

JOHN DALZEBL ( api)ointed June 12. loot!) Dec 27. T.)07 
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EEGENTS OF THE SMITHSOXIAX IXSTITHTIOX. 


Citizens of a State: 

JAMES V,. AXGEI.L, of Mk-bigaii (ajj^ointed January 10. 
18ST : January 0. ISit.J: January 24. l.SOO. and January 

23. 1005) 

AXDKEW D. WHITE, of New York (appointed Eeliruary 15. 

ISSS ; Mareli 10. l.S!)4 : June 2. 1000. and Aliril 2.'!. l!)0(il 

UK 'HARD OLNEY’. of JIassacliusetts (ai)pointed January 24. 

loop, and February 23. 1900) 

GEORGE GRAY', of Delaware (appointed January 14. 1001 )_ 
Citizens of Washington (.'ity : 

JOHN B. HENDERSON (appointed .Taruniry 20. 1S02: Jan- 

Uiiry 24. 180.S, and January 27. 1904) 

AI.EXANDER GRAHAM BELL (apijointed .January 24. 1808. 
and January 27, 1904 ) 

Excruih'i- C<J)Hllilltce of tlw JJodiol of 

Joh n- B. 1 iKXuhnsoN. CJitiii iikiii. 

Alex.xxuek Grah.xm Bell. Roulkt R 


Term expires. 

•Tan. 23.1011 

Apr. 23, 1912 

Feb. 23, 1912 
Jan. 14. 1007 

Jan. 27, 1010 
Jan. 27. 1910 
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PROCEEDIXGS OF THE BOARD OF REOEJsTS FOR THE YEAR 
ENDING JUNE 30, 190G. 

At a meeting- liekl ^lareh l-i, I'.Wk the Board of Regents adoi^ted 
the following resolution : 

J\es<jlrc<l. Tluit. in aildition to the iiresei-ilied meetiug held on the fourth 
Weihiesday in January, re,i;ular nieetiiuis cd’ the Itoard shall he held on the 
Tuesday after the first iMond.-i.y in T>eeeiuher and on the lith day of ilarch. 
unless that date falls on Sunday, when the followin.t; Monday shall he sub- 
stituted. 

In tiecordance -with this resolution, the Board met at 10 o'clock 
a. m. on Dectmiher o, lOO.'), :ind on January ill and March 0, 1900. A 
sjtecial meeting was al-o held on May 10, lilOO. 

REGXTLAE MEETING OE DECEMBER 5, 1905. 

Pro-ent : Mr. Chief .Tu'tice Fuller ( Cham-idlor) in the chair: Rep- 
resentative R. R. Hitt, Repre-ontativo Robert Adams, ^r.. Represent- 
ative Hugh A. Diiisinore, Dr. Andrew D. A'hite. the Hon. John B. 
Henderson, the Hon. (ieorge (Irtiy, and the Acting Secretary, Mr. 
Richard Rathbuii. 

The Acting Sei-reiary announced that the Secretary was unable to 
lie 2M’esent on account of illiie-s. 

MIMTES (If I'UEVIOIS MEETIXU. 

The minutes of the uieetiiyo- held Marcli (>. IhO."), were read in 
abstract and approved. 

nn.xTir or- sex.vi-oi; o. ii. i'i..v'rr. 

The Chaiicellor said: "It becomes my sad duty to liring to the 
attention of the Board a matter which is undoubtedly in the minds of 
us all — the (lej)arlure of our frituid and late colleague, Orville H. 
Platt. He died in tlu' midst of his labors, cut like a diamond with its 
own dust. In view of his long and eminent career, and of the many 
years of faithfid. intelligent, and useful service rendered this Insti- 
tution. I suggeA that we j)Ut mton our records a minute exjjressive of 
our sen-e of lo'S." 

Judge Cray then offered the following resolutions, which were 
unanimously ado 2 )teil : 

IVhi'i'p.is the lioai'U ef l!ea<'uts of the Smithsonian Institution is called upon 
to mourn tlie deatti. i)U Ai>ril E’l. Ifio.-). of Orville Ilitehcoek Platt, a niemher of 
the Board since 1S99 : 

Be it resolved, That the Reireuts give exijression to their sense of loss in the 


VI 
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demise of a man of exemplary reetituJe. who diseharged all his duties with 
wisdom, tidelit.v and cnnscieiitious i-are; a statesman of the first rank whose 
services to his country are of enduring wiu'th. This Board has lost a colleague 
whose interest in the affairs of the Institution was ever keen, and whose serv- 
ices were always helpful. At the meetings of the Board, on committees to 
which he was ai>pointed. and in the Senate (Tianiher, his voice was always given 
with that comliination of ]iro,gressit e thought ami conservative judgment which 
so distinguished his charm ter. In his death the nation has lost a wise states- 
man. the Institution a valued counsellor, and the members of the Board a 
cherished friend. 

/fc-so/rcd. 'That this resolution he entered as :i jiart of the journal of the 
Board, and a copy thereof he transmitted to Mrs. 1‘latt. 

Ttii: \i:i' coi.i.ikTtoxs. 

The Chaiiei'llor hi'oiioht bt'foi'e the Ihianl the otler of ilf. (’liarles 
L. Freer, of flclroit, ]\riehio-:in, to l)e(|neatli or lualte presenl coiivey- 
anee of title to his art eolleetioiis to tlie .'sniithsoniaii Tnstitiitioii or 
the I'nited states ( loveriiment. as indicated in his letter to the Secre- 
tary of Dt'ceniher '21, 1!K)4. d'he .Vetiiio' Seia'etary read a letter from 
Mr. I'h'eer. aeltnowhaloino- tip. rt'solntion adojded by the Hoard at its 
ineetino' on March lOd.'), 

After an extended disenssion it was, on motion of .Tiidof' (iray: 

/i'c.so?rcd. That in \ iew of tlie dillhulties (onceniing any action hy the Kegelits 
in reference to the off'er m.ide li.v .Mr. I'recr. and of our high apiu'ei latioii of the 
genei'osity exhihited ii.v him, the Secretar.v ht' in'lnicteil to write Mr. Freer 
asking Ins iiormissioii to make puldie the eorrespomlenee lietween him and the 
Regents regarding his said otter. 

The folhnviiio' resolution was aFo agreed to: 

tVhereas tlie speei.il eoiinnittee .ipirointed to visit Ketroit and examine the tirt 
eollection of Mr. Freer reported that " it uas murually agreed that, at some 
early iieriod during the next session ol Congress .oid at the ron\ eii leiii e of tlie 
Board of Regents of this Institution. Mr, Freer wotild visit M'ashington atid 
exhibit such portions of his collection its luiglir properly and fairl.y reiiresent 
the whole : " 

fi’cvo/rci/. That the Secretary he reipiested to ]irovide it sttit.ihle iihiee iti the 
huilding of the Smitlisoiiiitu Itistitution or tho Fniled States Xatiotial Miisettm 
for the exliiliit of such colU-i lions as IMr. Freer m.i.v ilcsirc to hritig to Wash- 
ington, and Thitt he cotntmitiii .ite wtth ^^l•. Freer to ascct'taiti what time woitld 
lie must convenient for the exhihit of a reiuvsentative selertiott its iigreed ujion 
between Mr. Freer and the eoiinnittee of the Board of Itegents. 

DEr.fi.c.iiiiiXs or w. w. 

The Actiiio- Secretary submitted to the Jioartl. on behalf of the 
Seeretary. ;t statement of the ilefalcatioiis of Mb W. Karr, for many 
yetii's the aeeuuntant ttnd dishiirsinm ao'eiit of the Institution, involv- 
ing a serious los.s to its income. After remarks by Senator Hender- 
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son, chairman of the executive committee, and others, the following 
re.'ointion wa^ adopted : 

JffKoh-i’il. Tliat the ni.-iTti'r <if the Karr ilefak-atiotis be referred to the execu- 
tive coniinittee with a request tliat they will (■ousider it fully and make rei)ort 
at the next iiieetin.it of the Board. 

NEW IlFILDINi; FOR THF. NATIOXAE yrrSEIVM. 

The Acting ,'^ecretarv re port 'A progress in the construction of 
the new building for the National iMuseum. The first stone was laid 
on August dl, IhOa. and the walls and piers of the liasement were 
ap]troaching completion. The steel girders for the main floor wen' 
at hand, and it was expected that the w:dls of tiiiother story would ha 
linished before the end of the fiscal yc'ar. 

ANNUAL MEETING OF JANUARY 24, 1906. 

Present: Mr. ('hi('f ,rusti(.'e l-'uller ( C’hanci'llor) in the chair: , Sen- 
ator TIenry Cabot Lodge, .'''ciuitor .V. ( ). Paeon. Kepresentiitive Pob- 
ert Adams, jr., I\ej)reseutati\e Mb M. Howard, Dr. J. 15. Angell. tlu; 
lion. Pichard Olney. tlu' Hon. (ieorge Cray. Dr. A. Hraham Bell, 
and the Acting ,Secret;iry. iMr. Picluird Pathimn. 

.U’l'Ol.Vr.MENT or REOEN rs. 

Th(' ('hancellor aiiiiouncc'd the ap]K»iutni('nt of Ih'gi'iits, as fol- 
loivs : 

By the Vice President, on the })ai't of the .'senate, Decembi'r 7. l‘.»0b: 
Senator Henry Cabot I.odge in plact' of .''Senator Orville IT. Platt, 
deceased; and Senator .V. O. Bacon to succeed Senator Fi-ancis iM. 
Cockrell, whose term of service' in the .Si'uate' had expired. 

By the Speaki'r. on the part of the House of Pepresentatives. 
December Id. IfiO."): Pe'pn'sentati ve^ P. P. Hitt and Pobert Adams, 
jr., to sm-ce('d tla'inselves. and Pe])resentati ve Mb iM. Howard to 
succeed iMr. Hugh A. Dinsmore, whose te'i'iu as Pepresentative had 
expired. 

yilNl TES OF I’REVIOl S AIEETIXU. 

The minute's eif the me'cting lu'lel Dee-emlier liiOo. were' reael in 
abstract and ap])re)\ed. 

THE SEe ltET.Miv'.S AI'.SEXe E. 

The Chancelloi- reael a letter from the .Secretary explaining that ill- 
ness wenilel jei'e've'iit his atte'uelance' at the lue'oting. ami asking the' 
inrlulgence of the Beeard for his aifsence frenn his post. The .^eci'"- 
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t;u’v tliat his last animal report to tlie Hoard had hiam com- 

pleted prior to his illness and would he laid bel'ori' tlie meeting, and 
that he was confident that the atlairs of the Institution were well in 
hand and its work would go forward. 

EE.SOLFTIOX r.ELATIVK To IXCOMB AXI> EXPENDI lt RE. 

On behalf of the executive cominittee Doctor Hell ottered the fol- 
lowing resolution, which was adopted ; 

T!r^<i]retl. That the income of the Institution for tlie fiscal year enilinj; .Tune 
30. tnoT. he apiiroiiriateil for the service of the Institution, to he exiienileil le- 
the Secretary, with the ailvice of the executive coinniittee, witli full discretion 
on the jiart of the Secretary as to items. 


AXXUAE REPORT OP THE .SH( RJ.TARV. 

The Acting Secretaiy submitted the annual rejiort of tlu' Secretary 
to June 30. I'.iOo, which was accepted. 

.\NXXT.\E REPORT OE THE P.XP.CF'nVP, ( (IVMPnEE. 

Doctor Bell submitted the annual report of the executive commit- 
tee to June 30. lOO.I, which, on motion, was accejited. with the under- 
standing that it might be brought up at the next meeting for 
adoption. 

AXXE’AE REPORT UP TUP, I'ERM.VXEXT COMAirnEE. 

The permanent committee reported, through Doctor Hidl. as fol- 
lows : 

Hoclfil'inR fmul. — The case of Smith r. OT)onoghue has been set 
forbearing on the 13th of February next. This c.ise. in which the 
Institution is interested as residuary legatee under the will of Mr. 
Hodgkins, involves the liability of the residual estati' on a warrantv 
deed of certain ]n-operty in Xew York City conveved bv iMr. llodu- 
kins in May. IS"]. It was decided in favor of the Institution in the 
appellate division, and the chances are consi,l,.n‘d excellent for suc- 
cess in the court of appeals. 

AiKh’cirx trill dtxe . — The hearing upon the application of the exec- 
utor to have the Andrews will inter]ireted was had in the Xew Vo; k 
siipreme court, and a decision has been handeil down establishine; the 
right of th(‘ .Vndrews Institute for (iirls (o receive the leo-acv pro- 
vided in the will, thus depriving the Smithsonian of the residual 
legacy of perhajis one and a half million dollars. Counsel of tli(‘ 
Institution are of the opinion that though the <l(>cisiou in the lowei- 
court is unfavorable to the Institution the ]>rosp(M'ts of success in the 
ajipellati' division are good. It is the intention to join with the 
hi'irs in appealing the case. 
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At'cry — Offers have been received during the year from 

private parties for the purchase of several of the Avery properties, 
hut as they vere dc'cincd inadequate, the jjroposals were not consid- 
ered. An appraiscnient of these properties shows an estimated total 
valuation of if'.'h'i.aOO. 

Spr(i(/ii(‘ and UeUJ heipiests. — There have been no changes in the 
status of the Sprague and Eeid bequests during the year. 

On motion the report was accejJted. 

EEPIIRT OF THE EXECUTIVE COMMITTEE OX THE DEI'AnCATIOXS OF 

W. AV. KARR. 

Doctor Bell, on behalf of the executi\'e committee, presented a 
report based uiion their examination into the defalcations of W. W. 
Karr, in compliance Avilh the re.solution of the Board of December 5. 
liX)."). The methods employed liy the former accountant in abstract- 
ing funds and the amounts embezzled Avere fully .set forth. The pecu- 
lations consisted mainly in appropriating miscellaneous receipts 
derived from the sale of publications, repayments of moneys, etc., 
though ajiproximately i?-t.000 had been taken from funds receii'ed for 
the International Catalogue of Scientific Literature and ST.IOO from 
(lovernment appropriations for the National Museum. The latter 
sum. lioweA’er. Avas immediately repaid by the companA' by which 
Karr Avas bonded. The capital of the Institution, in aucav of the 
manner of its investment, could not be touched. 

Immediately upon the di.scoA-erv of the defalcation Karr was appre- 
hended. Latev he Avas indicted, pleaded guilty, and was sentenced to 
fiA'e years’ impilsonment in the penitentiary. 

The report concluded with a statement of the safeguards Avhich had 
been adopted to preAcnt the further mi.sappropriation of funds, and 
Avith a draft of the folloAving ivsolution: 

Rexoirrd. That tlir rxccutivo coiDiiiitUv he auth(>rize<l to ('lujiloy an expert 
eeenuutaiit to act as elerk of the eoinaiittec* ia eoiiiieetinn with its e.xamination 
of aecoiiuts. 

The resolution Avas agreed to and the ivport accejited. 

Doctor Bell cxpre.sse<l the o])inion that the Institution Avas respon- 
sible for the amount abstracted by the accountant from the funds of 
the International Catalogue of Scientific Literature, Avhich amount 
should luiA’c been forwarded to the London office by the Institution. 
■ in accordance Avith its agreement to act as the American repre.senta- 
; tiA'e for th(‘ collection and tran.sini.ssion of subscriptions. This aucav 
f Avas accej)te(l by the Board, and on motion of Judge Gray the follow- 
ing resolution was adopted: 

■ti ii’fA'c/rcrf. That the executive committee be instructed to make application to 
;,<'ouvress. as tliey may see fit. for an appropriation to cover the amount col- 
'•;]e<-ted by tlie Institution for tlie International Catalojjue of Scieutific Literature 
Sand emliezzied by its former ace(?untant. 
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THE FREER ART COIXEOTIONS. 

The Chancellor laid l>et“ore the Board a letti'r from the Pre^'ideiit. 
urging the acceptance of the Freer collect loii'^. and inclosing a com- 
luiinication from iMr. Freer, dated December Fi. reciting the 

terms and conditions of his oftVr as then made through him. 

These letters are as follows: 

Tin: 'Wiirii Horse. 

Wdxli iiKifcii . I III I' iiih( r I'l, I'ln.l. 

Til tJir (liirf .Instil l hf till I'liiti'il .stiiti 'i. (Tiiuici'llor of tlii' .'Xinithsuninn Inxti- 

tiitioii. mill Mriiihir oj llir Uniird nf Itrnriits: 

Sir: I herewith iuelese cop.'' a tetter seat to me ijy Hr. (Tiarle.s 1 .. Freei- 
lifleriiu; To l)e(iiieath liis art eoiiectioiis to tlie .Siiiitiisoiiian i ust it iitioii or tlie 
t’uiteil States ( tovermiieiit. 1 op-|tier uitli .S.'iOO.OOo in nume.v to eonstruct a sitit- 
alile luiildinii: i r if it is deemeil iireferahie. to make a iiresioit eouvey.auci' of 
tile title to siirli Institution or ttie (iovernment and a bi'unest of tile sum of 
.s.’ioii.iioo for tile liuililimt. Tlie offer is iiiaile nipon i-ertain ti'i'uis and conditions 
uliicli. ill my .itidament, are iiroper and reasonalile. 

It is im]iossilile to s|ie,ak in too luith terms of tlie numiticence sliown tiy Hr. 
I reef la tliis offer: and it is one wliicii the Government of tlii> t'nited States 
should at om-e i-lose with as a matter of l•(lurse. .Mr. Fiver's collection is liter- 
ally [iricelcss ; it includes hundreils of the most reiuarkahlc jiictures hi tile 
best known old m.isters of Ghina anil .Tatian. it also iui hides hundreds of pic- 
tures. studies, and etchimrs by certain not.-dde .\merican artists, those by 
It histler alone heiiut such as would make the whole i ollection of uniuiie value — 
althouttli the pictures by the Ghinese and .Taiianese artists are of even .itreater 
worth and conscipience. Miere are other art pieces whicii I need not mention. 
.\.iiy coiiipteiit clitic can testily lo ihe extraordinary value of the collection. I 
should siuntesr that cither Tioctor Sturyis Itieelow or .Mr. .lohii T.a Farite he 
sent to Detroit to e.xamine the collection, if there is any question about it: 
altUouitli 1 assume th.it every member ol the Hoard of lli'eeuts is familiar with 
its wortli. 'I'lie conditions which .Mr. Freer imiioses are lu dfei t tliat iiotliim; 

shall b.‘ addeil to or taken from the collectioii aiiei his deatli. and llial 

Icctioii sliall lie C.xliiliited by it-clt in the buildim; to lie coiistriicl ed lor it wltli- 
out charite to tlie public: furiliermore. ih.it lie shall li.ivc tlie r.yht to make 
stii-li additions to the collection as he limy ileem aihisai.le. Imt not to take aiiv- 
ihiin; aw. 1,1 irom it alter Aiiril nc.xt. tlm collections rem.iiiiina m the ]iossessiou 
ol Hr. freer until his death and tlnu in the possession oi ins e.xeciuors uiitii the 
1 omplcticii of the buildino. These conditions are. ol course, eminently proiier. 

All that IS asked ot the Governmi-nt or the Ueynmts of The Smithsonian now is 
that they shall acci-pt this imurnilicently venerous offer. .Xotiiiiu; wh.itever else 
IS demanded at present. When Hr. Freer's death ccciiis land will, of i otirse. 
havi' to be allotted lor the erection of the huildiiur — a ImildiiiL: which wil. itself 
he a edit of yreat beauty to the Governmmd — and when the bnildim; is coni- 
I.leted and the colic, t ion installed therein, and not before. Gon-ress will have 
to take some stiqis to iirovide the comparatively small sum necessary to take 
<';irD ol will 1)0 :i ii.ilionnl ot ixrout vuliit'. 

I necl liardly say that there are any number of communities and ot institu- 
tions which would be only too .-rlad Themselves to promise to erect suen a btiild- 
ii,y as that which Hr. Freer is eoimt to erect, for the sak(‘ of aettim; this col- 
le,-tion. Tile offer is one of the most .umnerous that . ver has iieeii made to this 
Government, an.l the aift is literall.i l.eyoml price. All that is now asked is 
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that wo shall ajjroo to aci-opt ou l)ohalf of the nation the great benefit thus to be 
i)estow('cl upon tile nation. 

I hoiie that the Regents of the Smithsonian will feel warranted to close with 
the offer ; for tliey are the nationa! guardians of such a collection. If in their 
wisdom they do not see their way to accept the gift. 1 shall then be obliged to 
take soiiH' other method of endeavoring to prevent the loss to the i’uited States 
Government, and therefore to tlie people of tlie I'nited States, of one of the most 
valuatili' collections which any jirivate individual has evi-r given to any people. 

Siucerel.N' yours, 

(Signed) Thloiiohk Kooseielt. 


W'VSIlIM.'IdX. 1). ( '.. Dfcrllllicr /.), /.'hi.). 

To the President: 

Permit me to repeat my offer to beipiealh my art collections to the Smith- 
sonian Institution or to the rimed Stall's Government, and also the sum of five 
hundred thousand ilollars in inomw for the purjiose of constructing a suitable 
luiilding in whii-h to house them, upon the following terms and conditions; 

First. The sum of five hundred thousand dollars shall be paid by my executors 
to the Regents id' the Smithsonian institution or the i'nited States Government 
[iromiitly after my decease, and shall lie used forthwith for the construction of a 
fireproof building connected with rh(> .V.itioual Musenni. the construction of 
which has been recently authorized, or reasonably near thereto. 

Second. The interior of this building shall be arranged with special regard for 
the l■ouvcnience of students and others desirous of an opportunit.v for uninter- 
rupted study. A suitable space shall he [irovnli'd in which the Peacock Room 
sliall be reorected complete. 'I’he whole interior ai'rangeinent of The building 
sliall he agreed upon between tlie Regents of the Smithsonian Institution and 
myself within a reasonable time after the ms-eptanie of this offer. 

Third. The collections, with such additions thereto as shall be made during 
my lifetime, shall be delivered by my executor^ to the Regents immediately after 
the building is constructed and re.idy to receive them. 

Fourth. The collections and the building sliall be cared for and maintained 
perpetually by the Smithsonian Institution or the i’nited States Government at 
Its own exiiense. 

Fifth. Xo addition or deduction shall lie- made to the collections after my 
death, and nothing else sliall ever be exhibited with them, or in the same build- 
ing, nor shall the said collections, or any ]>art thereof, he removed at any time 
from the said building except when nei-e-^ary for the inuTiose of making retiairs 
or reiiovalions in the Imihling. 

Sixth. Xo charge shall e\er Im- made for admission to tlie building or for the 
jirivilege of examining or studying thc‘ col lections. 

Seventh. The collections and 'miiiding shall always liear m.v name in some 
modest and apju'opriate form. 

in lieu of tile foregoing offer. 1 am willing, iu«m the conditions above 
expressed, to malic a lU'csenl i oiiveyance of the title to s,aid collections to the 
InsTitutiou or the Governineid, and a beipiesT of the sum of five hundred thou- 
sand dollars for the imilding, iirovided : 

1. The collections shall I'cmaiii ill m\ possession during my lile, and in the 
v; jiossessiou of my executors alter m\ death until the completion of the imilding. 

2. I shall have tlu' right to make such additions to the collections as may seem 
,' , to me advisable or necessary for the improvement of the collections, or any of 
. . - them. 
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:!. Oil 111- before April next. I will tile witli the otiicials of the Smitlisoniau 
Institution or the Fnited Stiite.s < Jovermneiit a descriptive inventory of the 
objects belonjjiii.^ to the collections. 

4. Both I and luy executors shall lie free from any liability on account of 
any loss in. or danger that may accrue to the collections while in my or their 
charge, even though such los.s or injury shall occur by reason of my or their 
negligence, or the negligence of ni.v or their servants, agents or employees. 

The exact form of the beijuest or .gift, and the details tor carr.ving it into 
e.xecution. are legal iiuestions that can he agreed upon by counsel represcmting 
the Institution or the Government and in.vself. 

I am. with great respect, very sincerely yours. 

Chari.k.s L. Freer. 

This ofl'cr differed from that made directly to the Seeretaiy of the 
Institution under date of Deeemlier d7. liiOI. in omittiiiff the word 
“ change.s " in .section of tlie proposition to beijueatli. leaviiifr to 
Mr. T I'eer only the right to add to the collections, section of the 
offer to make pre.sent conveyance being also modified to the same 
effect. Under the offer of present conveyance an additional clause, 
numbered had been added, as follows: “ On or before Ajiril next I 
will file with the officials of the Smithsonian Institution or the United 
States Government a descriptive inventory of the oliject.s belonging 
to the collections." 

After a discussion of the significance of these changes and of reso- 
lutions offered by Doctor Boll looking toward the accejitance of the 
offer, the following resolution was adopted : 

The Board of Re, gents, recognising the great vaine to the peopie of the Fnited 
States of the art coliection so .generously offered by Mr. Charles L. Freer, of 
Detroit, Michigan, 

Reiioircd. That the Board of Regents of tlie Smithsonian Institution do hereby 
acc(>pt the tender of ilr. I’reer to make present conveyance to the Institution of 
the title to ills art collection, and to Iieiiueath to the Institution the sum of five 
hundred thousand dollars for the eonstruction of a fireproof building in which 
to house it — under the terms as stated in his conunuuication to the President of 
the Uniteil States dated December l.o. lOU.j. 

REQUEST OF BELL & CO. FOR EHMBURSF,.MF.NT IN CONNECTION WITH THE 

BARNETT FORtJERIES. 

Doctor Bell read a letter from ilessr.s. Bell & Co., banker.s, reque.st- 
ing that the Institution submit an e.stimate to Congress for the sum 
of k.)U,). witli interest, to reimbur.se the bank in that amount, which 
had been paid on forged indorsements of Frank M. Barnett while 
an employee of the Bureau of American Ethnology. Doctor Bell 
said that the letter had been considered by the executive committee 
yhich had resolved to submit it to the Board of Regents with a recom- 
mendation that it he referred to the attorney of the Institution for 
examination and report. On motion, tlie letter was so referred. 
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KEGULAB MEETING OF MAECH 6, 1906. 

Present: Mr. Chief Justice Fuller (Chancellor) in the chair; the 
Vice-President. lion. Charles W. Fairbanks; Senator Henry Cabot 
Lodge; Senator A. O. Bacon; Kepresentative Eohert Adams, jr. ; 
Representative Mb iM. Howard : Dr. Andrew D. "White : Dr. A. Gra- 
ham Bell, and the Acting Secretary, iVIr. Richard Rathbun. 

DEATH OP SF.CRETAKV EAXCEEY. 

The Chancellor announta'd the death of Secretary Langley, at 
Aiken. .South Carolina, on February ‘27, 19()('i. and designated the 
\'ice-President and Senator Lo<lge as a committee to tlraft a suitable 
minute to he spread ujjon the recortls and to he transmitted to the 
family of Mr. Langley. The following resolution was subse(ineiitlv 
adojited by a rising vote : 

Rrnolrnl, That thi- Bo, -ml of Ue^euts of tlio Smithsonian Institution express 
tlieir profouml sorrow at tlio death on Fehruary 27. T.iod. of Samuel Pierpout 
Langley. Sei'i'etary of the Institution since I.SST. and tender to the relatives of 
Mr. Langley their sincere sympathy in their hereavenient : 

That in the death of Mr. Langley tins Institution 1ms lost a distinguished, 
efficient and faithful e.xeeutive olli<-er. under whose administration thi' interna- 
tional intlueiice of tile [larmit Institution has heen greatly incnaiseil, and by 
whose iiersonal efforts two imiiortant brauclu's of work liave ln'en added to its 
eare — the National Jioologieal Ik-irk and the .Vstroiihysic’al observatory: 

That the seientitic world is imlebted to Mr. Langley for the invention of 
important apparatus and instruments of pre<-ision, for numerous additions to 
knowledgt', more especially for his epoch-making inventions in solar idiysics, and 
for his efforts in placing the iui[iortant subject of aerial navigation uiion a sci- 
entitic basis ; 

That all who sought the truth and cultivated science, letters, and the tine arts, 
have lost through his death a eoworker and a sympathizer: 

That the executive committee be reiiuested to arrange tor a memorial meeting 
to be held in Washington : 

That Dr. Andrew D. White be invited to prepare a suitable memorial which 
shall form a part of the records of this Board: 

That the expenses of the funeral of Mr. Langley be provided for out of the 
income of the Institution. 


APPOIXTAIENT OF REGENT. 

The Chancellor announced the reappointment of Mr. Richard 
Gluey a.s a Regent by joint re.solution of Congress approved Februarv 
:13, 1906. 

VriNCTES OF PREVIOPS AtEETING. 

The minutes of the annual meeting held January -21. 1906. were 
read in abstract and approved. 
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AX.NEAL J!I;1>0I:T t>F THE EXECLTTVE t Oil illTTEE. 

The repDi'l of the executive' coiiimittc'o for the year June oO, 

TJUu. presented and aceeiiled at the annual nieetinij;-. was adopted. 

REQl’F.ST or BEI.n A < O. FOI! REI M lU RSlArFXT. 

Doctor Bell, on hehalf of the e.xecntive coniniittef'. reported that in 
accordance with thi> action of the Board at its last nieoting the request 
of Bell & Co. had heen -iihinilted to the attorniw for the Institution, 
who had ('.vpi'C'-'-eel the opinion that tlie Institution was neither 
moralh’ nor leiialh’ ohlijEated. I’he nnittcr was rid’erred hack to the 
coniinitteM' for further in(|uirv and consideration, and Senator Bacon 
Wits designated to act with the c<ininiittee. 

IXTEltNA’I loXAl, (ATAI.OOl E OF Set EX JT Ft ( ' I.ITEIt.vn TiE. 

Doctor Bell, on h(>haD' of the executive coniinitti'i'. referrin<r to the 
resolution ailojittsl at the la.-t nieetinir. anthorizinc' the contruittee to 
ajiply to Conga-e-.s for an aiqirojiriation to co\er tin' ainount collefted 
for the Inlerinitional Catalogue iiy tlu' Tn-t itut ion. and enihezzled by 
the late accountant. re[)orted that it was deenu'd inad\'isahle to make 
such application, hut rt'cinnineinled that C’ongres.s he asked to appro- 
priate funils for tile continuance of tlie catalogue tni hehalf of the 
(Tovernnieiit. lie otfered the following resolutions, which were .sepa- 
rately adopted : 

h’l \iilri il. Tli.it ttiei'e lie pa id to Tlie ('eiitral Biireaii of the liiteniational 
I’ataloitue of Seieniitle T.nerature ai r.eiidon. frciii time to time as the funds 
[lermiT. The sum emliezzled liy W. W. Karr fruin the snliscriptions to this Cata- 
losue collerti'd ti.v the Insiitutmii. 

That it is tlie sense nf tlie I’oard nf ltei;euts of the Smithsonian 
Institution tliat tlm work lor tlie Interuntioiial t.'at.ilo.cne of Scieiititle Litera- 
ture he eoiuiiined. niid tliat ap]ilieaiiou lie made to ( 'outtress for a sutiieient 
anuii.ii uppi'opriatimi to enaliie this work to lie earried on under the direction 
of the Institution. 

KESOIA TIOXs OF THE .\ERO ( JA B. 

I he Aeiiiig Secretary read the following resolutions regarding the 
aerodroniie work of the lati' Secretary, which Iiiiel been adopted by 
the Aero Club of Aniericti on .lantiarv gO. liiOti: 

tVhereas our evtei.mcd collenane. Dr. S. I‘. I.aiicley. Beeretary of the Sniitli- 
seiiian tnsTitnt!' 'll. met witli an .lecideiit in lanueliinit his aerodrome, tiierehy 
luLssint; ,1 decisive P'-J ol the i apabihties of tins man-earryini; niacliine. tinilt 
alter ins models, « ln<ii flew suci e^sfnlly iiiany times; and 

Wiieie.is, ju Lli.it ilMiienit I'A] lerniieiit, tie was entitled to fair inditmeiit and 
ilislinauislied eoiisidera t mu liei-anse of his imiiortaiit aehie\ enieiits in investi- 
Aatimt the laws o! dimniiie llight. and in the eonstruetion of a variety o! 
suveessfui liyiiitt models. Therefore he it 
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Rpsfih'ri], That tho Aero ('luV» of Ameriea, hoitliii^r iti liii^li The 

eontribntions of Doi-tor Lau^ley to the seiem-e of aerial locouiotiou. liereby 
e.xiiresi^es to him its siia-erest ainirfa-iatiou of his labors as a 'lioiieer iii tliis 
important au<l couiiilex scieiiee : anil 

Be it liuthcr Tliat a eopy of these resolutions lie sent to the Hoard 

of Itegeuls of the Hmithsouian Institution and to Doctor l.aiiL'ley. 

ELECTION (IE A st'( CESSl iK TO TOE. I, Al'E. SECUE/fAIiY 1. \XOLEY. 

^lay Ki. lOOfi. was iixial Iiy the lioard as tlie date for a sjiecial inePt- 
iuo- for the election of a Secretai-y. 

SPECIAL MEETING OF MAY 16, 1906. 

Pre.sent : iMr. Cliief Justice Fuller (Chancellor) in the chair: the 
Vice-President. iMr. Fairhanks. Senator .'s. iM. C'ulluni. Senator Ihuiry 
Cahot Lodge, Senator A. O. Bacon, Kejiresentalive K. It. Hitt. Itep- 
resentative Pohert Adams, jr.. Iteprescntaiive AV. il. Howard, Dr. 
J. B. Angell. Dr. Andrew 1). White, tin' Hon. J. P>. Hender'OU. the 
Hon. Kichard Olney. the Hon. Georot' (frav. and Dr. A. Graham 
Bell. 

The Chanct'llor slated that the nn'eting had hi'en called hv tin' 
action of the Board at its last meeting- for the ]ini-]iose of electing a 
successor to .Secretary Langley. 'I'he Board then went into execu- 
tive session, fludge Gray acting a.s .'secretary. 

noNAT'lON or -MU. S. E. I.ANOl.Ev's Ml DAI. s .\M) ToKE.X.S. 

The C’haiicellor read the following inenioraiidiim from tin' Acting 
■Secretary : 

I am sure you will cousidor it of interest to announce to the Hoard ot Reu'ents 
that the heirs of the late Secretary I.aui;ley have pi'esouteil to tlie Smithsonian 
Institution all ol the medals and otlier loUeiis received liy Mr. Laimdey ill recociii- 
tioii of his contributions to tlie advancement of knowledge. Anioii'^ these are 
itold medals from the Ro.\al Soi-iely of r.ondoii. the institute of l-’rame, the 
-Xational Academy of S'-ieuces. and the American -Veademy of .Vrts and .Sciences. 

It is proiiosed to .issemlile these, together with some of the earlier iiieces of 
aiiiiarattis with wliich Jlr, T.analey beiran his memoralile oliservatioiis on the 
liliysies of tile sun. in a case in the Xatioii.d .Mus|.uiii. aloii.sside of tho.se 
dedicated to tlie iin'inory of Professor Henry ami I'lofessor Haird. 

r.LECrniN (1E a .stiCUETAUY. 

The tpiestiiiii (if tin' eleclidii of ;i .'Secretary was then taken Uji. and. 
after discussiou. it was "moved hy the \'ice-Pre'i(lent that the 
(‘lection of a Seci'eTary he po'tjioned to tlii' next ri'giilar iiKading of 
the Board." So voted. 




REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF 
REGENTS OF THE SMITHSONIAN INSTITUTION 

For the Year Exuing June :>(). IDOti. 


T o the Board of Iier/eni.^ of the Snufhso/da/i Inst'datlon : 

Your executive coiniiiittee re^^peet fully submits the following report 
in relation to the funds, reeadpts, and disbursements of the Insti- 
tution and the disbursement of the appropriations by Congress for 
the National Aluseum, the International Exehanges. the Bureau of 
American Ethnology, the National Zoological Park, and the Astro- 
jdiysical Observatory for the year ending June 110. IhOC). and balances 
of previous appropriations. 

SMITHSON I AX IN.STTT'rTIOX. 

Conti itiioi of the f 11)1(1 ■/lilt/ 1. 11)00. 

The permanent fund of tlu' Institution and the sources from which 
it has been deriveil are as follows: 

rireosiTEi) i.x inr. trka.svry or the vxited states. 

Bequest (jf Smitlison. l.Sqo jf-Al.", Itjlt. t»0 

Resicluar.v lusncy of Siiiithsoii. I.SUT , _ 20. 21rt. ti;t 

Deposit froiii savinjts of ineoiue. lSi>7 1U8. l>20. UT 

Bequest of .Tames Hamilton. l.S7."> __ .Sl.UOU. (lu 

Accumulated interest on Hamilton fund. ISiD 1. (K»U. 00 

1!. (K.M». 00 

Be(iuest of Simeon Ilaliel, ISSO . Goo. oo 

Deposits from proceeds of sale of bonds. 1S81 _ 51. .700. 00 

(iift of Tboinas G. Hodgkins. tSUl __ 2oo. ikh). 00 

Part of residuary legacy of Tlioinas <!. Ilodgkin-s, t.S!»4 8. 0(KI. 00 

Depijsit from savings of income, tuort 25. 0 (k». 00 

Total amount of fund in the Dnited States Treasury 937,000.00 

HELP AT THE SJIITHSOM.W IXSTTirTIOX. 

Registered and guaranteed bonds of the tVest Short* Railroad Goin- 

pan.v, part of legac.v of Tliomas G. Hodgkins 42,000.00 


Total permanent fiuul 970. <MlO, oo 


-xxni 
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That part of the fund deposited in the 'lrea>nrv of the L nlted 
States boars intere-t at <> jjer cent per .aiinnin. under the provisions of 
the act of Ang-iist 10, Isdfi, orji'aniziiiir the Institution, and an act of 
C’oncress apj)roved iMarch TJ, ISOf. 1 he rate of interest on the A\ est 
Sliore Ihiilroad bonds is 4 per t-ent pel' annuui, 

Bv the tiiial settlement of the estate of the late Thomas (1. llodir- 
kins dnrino- the ]3ast year the Institution received, in iNlay. lOOi;, the 
balance of the residuary Iciracy left liy this benefactor. It amounted 
to $7,S.')0, in the form of I'cyistered bonds of the United Stati's, now 
recorded in the name of the Smithsonian Institution, and held siitiject 
to the order of the Board of Ivejrents. Interest had accumulated on 
these bonds to the amount of Sth'J '4 I. which sum was jiaid in cash 
and deposited in the I’nited States Treasury to the creilit of the cur- 
rent accotint of the Institution. 

Stiiti'iiif'Dt <if mill ili'iliiir.'^i iiii Ills froni J iilii 1. V.iO.'}. to ■Jiiiir ,io. 

KK< i.ir i s. 

Cash on deposit in the Cnited .states TnMsiiry .lid\ 1. tPo.'i .s.", l.-j.'!. PL! 

Interest on fund deposited in the Cnited 

States Treasur,\ to .Inly 1. ItMC. S'.’S. llo no 

Interest on fund detiosited in the I'nitod 

States Treasury to .Tanuary 1, IPoc, 'j.s. no. no 

st.'iC), l.’2o. on 


Interest on West Shore Uailroad hoiids to .I.inuaiy 1, 

190C) l.(;,sn, no 

Aceiiimiiated interest on llodiriiins resaitmry icyin-y ;t. .'i.' 

Reai-estate reiitais, .Vvery Isiiuesl ... 4-10.41 

Repayments, cash from suie of [uildie.it ions, etc .._ n, him;. 4:! 

i;T, cc,!’. .",'.1 

'I’otal ri‘eei|)ts 71', , SIC. Rl 


lUSla Ksl Ml Ms 


4tuildin,as. care and rejiairs . 

furniture and li.vturi'S 

General e-\.iieiises : 

Salaries 

Meetings 

Stationery 

I’ostage and telegrams 

freight ..... 

Incidentals 

I.ibrary : 

T'uridiase of hooks, liindin.g. etc _ 
Saltiries 


- - 4. 4i!l. ;il 

S7 

.Sl.'i. 01.-,. os 

11! IP. in 
. 11 '..s, ,so 
17P. OP 
IRP. nil 
RPi. 17 

10, t.lS, 10 

sill, no 
1, jp:i. on 

1, nil) no 
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Pulilication'^ nlid their ili-i rilmtieu 

( ’(iiitriliutieiw t(i l;n()\\ Ii'.Ilt'- STR, I'lt 

ttepoi't^ - - 4VJ, (i2 

Mi-'c ellaneeii'; ( nlleetii>i!'. __ __ r>. (i04. hli 

I’ulllieatillll Mlliillle-J - - ^ - eS. ;',7 

Salaries _ - - r.. rno. (Xi 

SI 2. 1127. :;.4 

Explorations anil resear<'lies_^ l.o.'H. lih 

Hoii^kins epe(arie tund : 

Kesearehe^ and iJiihlii atioii-' d. llPd. dd 

International e.xeli. Hides 7’. lln. 7S 

International ('ataloane of S' lent die Literaliire 

Salaries ,, .4,7011 44 

Suiiplies l.ji’i. ;!.S 

Ledal e.xpiaisi's __ — __ _ _ — ... 

(lliitnar.i expenses. Sei retar.v E.iiidley . _ 

r.ills pa\al.l.- _ ..... . ... -- . 


di::. 72 
1. iidil. s2 

1. II.SII. S1 
in, (Kill (1(1 


IS 


Ilalanie .hine iln, p.ind, dejiosiled wuli the I'niled State- Tre.is- 

urer m, 1S4. I.’l 

All nioiipys received liy the Sinitlisdniaii Tiist it ill ion from interest, 
stiles, rernndiiiy of moneys tem[iortirily tidvtiiicia.l, (u- otlierw i-e, tire 
deposited with the 'rretisiirei- of the rnited Sttiles to the eitMlit of 
the Institution, iind till ptiyments are made hy cheeks sio-ne(^l hy the 
Seertdary. 

Your eomniittce aUo [ire-ents the followinif statements in reo'ard 
to the appropriations tind e.xpenditiires for ohjeets intrusted hy C'oii- 
p-ress to the care of the Smithsonian rir-titiition. htised on e.xjteudi- 
tures hy the dishiir-'inp- tipxmi and tiuditerl hy the Auditor for the 
State and other Departments. 

Ih'tiiilrtJ .stuti uH ut of ih\-hni 'icjiH’iils fi'oiK <( (ipi !(»)/■'< cttuninth'fl hif ^Vdd//»’nv 

(n (lir Cflii 0 / //d' S m ith sou m H t Hsi it Ut lOii fot tlif fisctif tlr<if cnifiili/ Jiliir ,ift. 

J'.iifli. (iinl Jioni (kiI'I lit rs of foiiiitrilftiis. 


iN'i'KKNA ri( dnal i:\riiANi;j:s, s.\irriiS(j.\{A.\ ixs'i rri 'i iox, iimm; 

)ll ( I ll’l s. 


Approjirhitlnii by (’onLcress for the yoar Juno 'MK I'.Mm;: 

“ For DXpD!ist‘s (if tile sy<t(‘i!i of iiitornafhnml excliaii,LjeN ln^tweeii 
the Fiiitetl Stato> and foreiirii countries under the direction of tlie 
Smithsonian Iimritulion, im-ludiiii; salaris or einnpen'satioii id‘ all 
ne( t's«<ary eniph»yees anti tiit‘ }air< hase <tf necessar\ books and [teri- 
odieals ** { sundiA civil act. March 'k lIMio) 


S'JN, SdO. (M) 


oisni asi Ml- Ms 

Salaries nr coniptamation 

1 a'-si-siant serretary. at S-JL»r» _ __ __ S’J. Too on 

1 rlcrk. at Sir.o _ _ _ F sou. 00 

- clerks, at SPJA - - l,T-“tO. 00 
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Snl.'U'ies or <'oniliensatioiis — t 'oiitiiiueil. 

1 clerk .at -JUU.Ci; SI. 11:2 

2 clerks, at .SSO _ * ESSR. Hi; 

1 clerk, at .'i;TlL_ ,s;!.T. R-t 

1 clei'k, at •''R.'i - T.sii. HO 

1 steiiosr.ipher. at .Silo and .STd.") I. tirj. .lo 

1 carpenter, at .Sill S4. HR 

1 workman, at .$To .s4o, no 

1 packer, at .S.R.j ,'>1'J. 42 

1 skilled laborer, at .s.SO 40,00 

1 skilled l.iliona’, at Sl.R anil .s.R.R 140. 7."i 

1 niessenjrer. at .SRO and .SR.T RST. .Ro 

2 messenger hoys, at .S2.') . . _ . Riil. .RO 

1 messenger tioy, at S20 and .s2.R 207. .RO 

1 agent, at .Still. Oi;-] _ .Soo, no 

1 agent, at -SIR ISO. 00 

1 agent, at .'s7.R Ooo. oo 


Total salaries or compens.ition S'l'. H”R. o2 

General expenses : 

liooks 70. IR 

Boxes 1 ,. ’till. 00 

Freight, etc _ .s. .RoR r,o 

Furniture __ 14. OR 

Postage 4(Ki. 00 

Supiilies, eleetricit.w etc 200. OR 

Stationery, etc R07. 2o 

10. op.i. 0:1 


Total disliurieiuents 


- .f 27. S! 14. OR 


Balance .Tuly 1. llioi;, to meet outstanding li.tbilities 


DOR, li.R 


INTI’UXATION'-tr. EXI'H.V.VI.JES, S.MITIISl i.NT.tX IXSTITETIOX, lbo.7. 
Balance .Tuly 1. llio.R. as iier last report .ST. Rl;i. HR 


UI.SBl'K.sE.MKXls. 


Salaries : 

1 agent, at .'s7.R .S4R0. 00 

1 agent, at .Sllll.iiOi 400.00 

1 agent, at SIR _ no 00 


Total salaries .SHIO. 00 

General exiieiises : 

Freight, etc o, uyi;. to 

Boxes 442. .RO 

Furniture oji .-.p 

Lighting ;;ii i)_t 

-Miscellaneous supiilies 104, :',.R 

.stationery, liooks. printing, etc gpit 11 


R. R7:!. SO 


4. Rl.R. ,SH 


Total disbursements. 
Balance July 1. IHOii 


O. 00 
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IXTEUXATII )XAL EXrllAXOES, SMITHS! )N1 AX IXSTITrTKJX, 

Balance July 1. Eiiri, .-is per laH iviiert __ _____ _ Sid. os 

Balance carried under prnvisioiis of Revised Statutes, section :JOUO. liy the 
Treasury Depiirtmeut. to the !Tedit of the siUTiIus limd. June .'Id. IddO. 

AMERK'AX ETlIXOl.OltV SMITHSOXTAX IXSTITl TIOX. 100(1. 

liKOFIPTs. 

Appropriation hy Coinrress for the lis(.-al year ending June oU. lOOd : 

■■ For continuing ethnological researches among the American 
Indians, tmder the diri'ction of the Smithsonian Institution, in- 
cluding salaries or compensation of all necessary eui|)loyees. and 
the luirchase of nei essarv hooks and periodicals. .SJd.ddd. of which 
sum not exceeding .SThdl.i ma.v h,‘ used tor rent of huilding" 

(sundry civil act JIarch :i. P.Mi.Ji .S4d.ddd.dd 


nisntTi.slMKM-.. 


Salaries or compensation 

1 chief, at .s;;. ‘.luu. oi: 

1 ethnologist, at .Sll.jd iidd. iid 

1 ethnologist, at .sildd _ _ i!. Jdii. nil 

1 ethnologist, at .S 2 dd t!. 4 dd. dd 

1 ethnologist, at .si;!:!..".:! 1 . .■'.I'.i. hi; 

1 elllliologist. at .SI.'!.'!.:’..'!--. ._. ._ 1 .."U!I.!m: 

L’ ethnologists, at .SHI.'.. _ __ ... odd. iid 

1 illustrator, at si(!ii.i;T__ . . i’, diiii. 114 

1 cli'i'k. at i?!'-’.') . :! 7 r.. Od 

1 archeologist, at .sidii __ __ 4 .">d. (id 

1 (‘(litor. at slud 44 ;t. 

1 editor and compiler, at .Sli.ii.E. J.jf!. 07 

I head clerk, at .Sldd__ l.lliHi. dd 

ii clerks, at .SI dd 1 ’. 4dd. dd 

I stenographer and typewriter, at .sidd__ .siio . 07 

1 tyiiowriter. at .so.'__ __ _ (;;; 7 . dd 

1 typewriter, at .s.Jd iCiii. dd 

1 skilled lahoi'er. at .soil 7:Id. dd 

1 messenger, at .S.J.7 i: 0 (.l, dd 

1 niesseiiger. at •''."jd .Till. 07 

1 laborer, at .'?4.J __ __ .7td. dd 

2 laborers, at .SI. .Id per day _ __ . 1 2d. 7.7 

1 laborer, at .^1.27 jier day __ _ __ 77. 7d 

1 laborer, at .si per day I. .7d 


Total salaries or coiiii)eiisalion__ .S2d. .7dd. dl 

(leueral expenses- 

Books, binding, etc ;i;!2. il.s 

Drawings, iiiajis. etc . 17'.). d.7 

Electricity ;idd. 71 

Frei.ght. liaiiling. etc 21S. .72 

Furniture _ _ _ 21!). 71 

Manuscript . _____ 1.714.70 

Miscellaneous I'll. Jo 



XXVIII 


EEPORT OF THE EXECt'TIVE COVIVIITTEE. 


(leiiinMl exiieiHi" (OmtimU'il. 

I’cistaL'c, tcleiiliiiiia, and tcli'u'r.ipli^ __ _ Tn 

Itniil.il __ . - - 1. '-till <111 

Srci i,il sciniM"._ _ ^ 1 . T-Vd. l!."! 

Spia inicna _ _ , _ - d'l-V FO 

Statidiifin - "iF.ll 4+ 

Suplilic'- __ -- 4!H. il'.» 

Travel and held expend-; _ _ 1. 704 .14 

Xp, ST7. 71 



ll.-ihiiK e .7hl\ 1, mod. Til iiieeT nurMaudlin; ll:il>Hitie-< _ . d2'_’. US 

AMPiiidAX i; riixoLi )in . smitiisoman ins rni rio.v piu,-. 
llal.iuei' .luly 1, mo.7. av jk.]- l.i^t rejinrT _ __ __ __ _ - Sd4:’.. 20 

msni Ksi.MT X I >. 

I'reialit .s.7',i. ,17 

ruranui'e to. 07 

Eiahliln: . si!. 40 

AI isi ellaueous _ . .'H. .7.7 

I’listUL'e. teliiph'iui'. and lelea'ra]ili __ . <17. 47 

Ueiital ... 177 00 

Spei lal seiA 11 1 ' . 7d. <'!< 

si.it hiiier.v. iiiHiiis. ete . . _ . _ . __ i;;o. .7i: 

Supplie-. _ . . _ _ . . 77. 00 

Tl'iHel .and tielil expense'^ . .... 1.7. <10 


'J'l.r.ll dl-iliurseliiehTa ._ __ _ . < ills. Ml 

llalaiiee .Iul.\ 1. lOoi;. rn ineei niii^l.oiipiia lialnlitiex 4 40 

AMUllir.W in riNid.iidV SMITIISoVI W INSTITI IInN. Iniil 
ll.llanee .lul.T 1. 100.7. .1' per l.-l''! relmrl __ _ .S77. 7o 


nixin i;v| \ii M V 

iial.tllee dS. 07 

ll.ihiine 1 .irried niider pno I'.inlia ui ICmaaed Statutes. seeLinn 7000. liv the 
Ti'e.isur.v 1 ’eparlineiil. in ilie 1 1'edit 1)1 the .surplus rund. .June 7o. P.Mid 

AS I UOl'llVSldAl. ol'.SEKVATllKt S.M PI I ISl (N I A \ I NSTPll 1 0 ).\. I'.llji; 

T!F( EIl'i s. 

.Vpprnpriai ion hy Cniiirress inr tlu- liseal year eiitliiut .June 70. lOt id ■. 

■' I'nr ntainieiiaiii t' i-l .V^lrnjjliysK-a! tJh^ervatnrt'. uudi*r the liiree- 
tien 111 the Sinlthsijiii.m 1 iisuiutinii. liieludin;; salaries of tissist- 
.ants, the pureliase nl neeessait hunks .iml jierinduails. iijiparattis. 
niaklnit nei ess.iry nhser\aiinns in Iiiah altitudes, priutiinj and juih. 
lishiin; results nt rese.irehes. not exi eediuu' 1..7oo in|iies. rep.iirs 
and a 1 ler.i I inns m' hiiildina's. and luisi-ell.iueniis e.\|ienses. .sih.ooo" 

(sundiA eiMi net. ,\[.ireh 7. 100.7 1 ,si.7. 000 . iki 
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Illsni K'>K-\ltX IS. 


Sahirios nr ciimiipusation ; 

1 aid. at .'?22.'i .S2. 7(i(t. IKI 

1 junior assistant, at Sl.do l..sn(». (Ki 

1 elork. at .'>12.') 12.j. (»l) 

1 steuoftraplier. at 1. ti.jl. :!1 

1 coniiiutor. at .S.s:!..'!:', 477. 7(1 

1 photo.sraphic a'Si^taiit. at .'<7(1 21(i. (Mi 

1 b(jloiiieti’ic assist. lilt, at .s."i(i 111.(17 

1 uiesseiiiter bo.v. at •'<:i(i lliKi (Mi 

1 iiistniiiioiit maker, at .S12ii ami •<i1imi_ _ 1.22(1 (Ml 

1 skilled laborer, at SKm .“id. (id 

1 cai'iKr'iiter. at .<211 2.'1.'1 .“i7 

I skilled laborer, at .'<.Sd __ . FI li'.l 

1 tireiiiaii. at .'<(ld .. 7(i( (id 

1 eleetrieiaii. at .'<1 per da\ __ 21. (id 

1 jiaiiiter, at •'<o per day._. . _ bs.iiii 

1 helper, at .s2 per day ll.iiii 

1 cleaner, at .'<1.2.“i pi'c day_ Kill. 7.'i 

1 cleaner, at .'<1 pc-r da.\ . . . . _ ll.iiii 

'I'otal salaries or eoiiipeiisatioii . __ S'.i, (ll.s, d."i 

( leneral exiienses : 

.Vpparatus __ l.!7s. mi 

Hooks and bindimr - .. .. '.17.112 

('astiiics _ 2s. Id 

Drawinirs. tables, etc . . _ 17.7. (in 

Kleetrieity. itas. etc 2(ili Id 

Freitclit __ _ 7d. 2d 

Furniture 11, od 

Taiiiilier ....... ill s7 

Posta.tre, telephone, and teleitraph 7. 1(2 

Stationery ds, I’.l 

Su|iplies. eheniiials. tools, etc _ (lll.il'.i 

Travel and Held exiieii'es __ _. ild7. ill 

IMd ,S7 


Total dis|iurseinents„ 


12 . 


'.12 


11, (lance .Inly 1. I'.idil. to meet oiilstaiidiin; li.ilnlitie'. _____ 2, 24(1. d.S 


.tS'lKIll'IIYSIlAT. ( il'.SEIlV.Vr. IKY, SM I't 1 1S( l.\ 1 .\ X 1 XSTITl'I'II i.\, I'lll.-, 

Halam e .Inly 1. I'.ldd. as iier hist leport S4. ISS. d2 


iiisni'csi .Ml k ts. 

Salaries : 

1 bolonietric as'.i-.tant. at Sdii per luoiith ,s2d. (Id 

(leneral expenses ■ 

.\.ii|iaratus _ . _ _ .1. i.d4 trj 

P>tnldni 2 . reiiairs. etc _ . . :ls, .dd 

F'reialit . . . 7. Ss 

1/I2htl'l2 ----- - 'Id. (Id 

Euiiiber . ... d:i7. .SS 

Miscellaneous sutiidies, cheiiiieals. tools, etc o(.i7. 7d 
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(R'licrMl ('xpi'iist's — ('(intiiuu'il. 

Pi^tn.ire. telciiliDiie. ami tcIeiiiMpli 

HiK'i-ial services 

StatioiM'ry. Iieoks, etc 

Travel, field expenses. etc-_ 

T'ot.il di'-Inirseiiiciits 

P>alaiii-e July I. IdPi;, lo im'et outst.mdiiur liaiiilitie- — l!:!. 

ASTROI'lIVSP 'Al. OP.Sl:[! VATOIiV , SMITITSOXIAX I .VS'I I'l I T 1 0,\', I'.int 

r>,'ilaHc(‘ Jul.v 1. as per last reimrt .s,;.!. (ij 

Kalan<-e carried, uiuler iimvisions nl‘ IIe\i^e<l statutes, seclinii ddlMt. hy file 
T’reasury Department te tlie credit ef tlie sni'iiius fund June Jd, I'JPd. 

pi:ksi;u\'.vi'iox or i'oi.i.ectioxs, x.xtkixd. .Mrsi:i m. p.hh; 

KK( LIl-'IS. 

.Vjipnipriation liy Conyu’ess fnr the fiscal .vear ending .Juik' Ju, IPPd. 

■■ For eentimiiny tin' iireservatiuii. exluliitinii, and incre.ise ef ilii' 
cdllectimis from the snrve.vins; and exploring expeditions of tlie 
Covernment. and from other sourees. includiiijr salaries or conn 
ponsation of all iiecessar.v emiiliua'cs. and all other necessar.v c.x- 
lieii'es. .SISII.IMKI, of tvincli siini S.‘i.r>uii ina.v he used for necessar.v 
dr.nviny's and illnstrations for jmlilicatiuns of the .Xational JIu- 
seum '■ ( sniidr.v civil act of Mar. R. Ihu.'ii __ _ .simi.ikiii.cii 

nisiuaist M KX r s. 

(Kii;. .SI 
1, I'.i'.i. Id 

.Slid, Jill, sj 

1. !is 
1. ::4!i 7s 
s.si;, lip 
li'j 

r., on::. 71 
S74. 40 

Total ndsi-ellaneous 1 1 . e.IlP, 4.S 


Tot.d di'Iiiirsements 1 7.7, .S41. .".n 

Balance Jul.v 1, IPOO. to meet outstandimt liahilities 4. l.y.s. 7U 

Do//,//so o/ (Ihhui \f tti> III'-' fill' .'iiiliirii 't or I'fnii pi iisiitinii. 


Scientific and administrative staff 

1 assistant secret. I ry. al S-_C),S :l;: .SR. npp. Pij 

1 administrative .issistatif. at .'sRPl.fiil R, 4PP. P2 

R head i iirators, at SRPI lid In, 4! IP. 70 

1 associate lairator. at .SROir _ _ _ R. 400, on 

2 curators, at .SRofi 4, StMj. m 


Salaries or comiK'iisatioii . .slo. 

Siiecial servii es 

Total salaries and servi<-es 

Jliscellaneous : 

Drawinas ,.nid ilhistratioiis. . . _ 

Freight and cartaye. . _ 

Siiecimens _ 

St.itionery 

Suiiplies _ 

Traveling ex]ienses 


,SR 40 
10.7. I HI 
RPS. SI I 
1. .700. 00 

, . . _ .S4, toil, IR 
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Seiontiti<- .-ind aflniinistrative staff — f'ontiniioil. 

t r-nrator. at SlOO !j!t. 2(Kl. 00 

4 assistant onrators. at isl.lo 7. 2(M). 00 

2 assistant cnrators. at .‘'‘IriE.itt 2, lOO. 92 

2 assistant cnrators. at .S125 I, nOO. 00 

1 assistant curator, at .'?120 1.440. Oi) 

2 assistant <'Urators. at .si 10.00 2. TOO. .S4 

4 assistant curators, at .SlOO 4.200.00 

1 second assistant curator, at .'sHmi 1.120.07 

I assistant curator, at If.SO.o;! 000.00 

1 chief of division, at .'f200 2.400.00 

1 editor, at .S107 2. 004. 00 

1 editorial assistant, at .SEto.Oi! l.O.'T!. 20 

1 rei;istrar. at .$107 2.004.0(1 

1 disbursing .aj^ent. at .'S12.7__ . 1.. 700. 00 

1 assist, ant librarian, at .$l.",;'..;i:! 1.. 700. 00 

2 aids, at .SKHi ,S40. (HI 

2 aids, at SSO.OII _ 1. 874. 02 

2 aids, at .87-7 1.707.00 

2 aids, at .800 1.080.00 

aids, at .8.70 1. 700. 17 

I .aiil. at .847 ._ . . .740 Oo 

1 assistant, at .82 her da.v 87,00 

807.122.20 

Preiiarntors : 

1 pliotofrrapher, at 817.7 2. loo. oo 

1 plintosrapher's assistant, .at 87o 2.7o. oo 

1 chief taxidermist, at .8127 1..7oo. oo 

1 taxidermist, at 81oo 1.200, oo 

1 taxidermist, .at Son 720.00 

1 taxiderudst apiireutico. at .827 200. .78 

1 modeler, at .8100 1 . iihi, IH) 

1 oste<ilii.£tist. at .800 I.OSO. oO 

1 prei>arator. at 8127 1.700. (K) 

1 preparator. at .8diO 1.200 00 

2 preparators. at 800 2,010.00 

2 jireparators. at 8,8.7 1,(51.7.00 

1 preparator. at .70 cents per hour. _ 71(5. fKl 

1 prepar.itor. at 8,80 0(10.00 

1 pre]iarator. at 870 _ _ ,822 00 

1 pi’eijarator. at 8.7.7 _ .. (1(50.00 

1 preparator, at 847 740.00 

1 preparator, at 84(( 4,80.00 

1 preparator, at 82.7 __ 200.00 

1 assist.int preiiarator. at -847 .72,8. .70 

1 custodian, at -82.7_ 2S7. .70 

1 classifier, .it 810 (l. . 1.200.110 

1 recorder, at 8(50 _ . 720. 00 

2 cataloamers. at .8(5o__ . . ,870 00 

1 cataloiiuer. at 8.7.7 _ . _ _ _ 722. -70 

2 cataloguers, at 8.70 _ 227. fHl 

1 cataloguer, at 82 iier da,v_ . _ _ IS. 00 

1 indexer, at 81.2.7 per day__ 1.7.02 


23, 379. 71 



XXXII fiEi'imr ui’ tiij: executive ciim.miitee 

( 'Ici'ical staff’ 

1 liiiaiici' clci’k. at Sli.-) __ kl. -llMl. Oil 

1 iiroiii'i'ty rliM’l;, at •■>!«) .mil Sliio . ^ 1, l.'tri, fin 

1 iliicuiiK'iit I’li’i'k, at S.Vi _ itilu. On 

1 cli'i'k, at SI 2.' _ _ __ Tail, nn 

1 rlerk. at .Slir, l.ttSii. no 

1 I’li'i’k. at ,Slno_^ _ _ l.'jnn. on 

7 clerks, .’it ST.T ... . _ .. it. 207. aO 

1 clerin at S7n__ . . . SlL’.on 

4 clei’ks. at son . __ . __ 2. otn nn 

clerks, at S.-ii! _ ^ __ __ . . ... 1. inn. on 

1 clerk, at .SM.'i _ _ . _ kin. (m 

I clerk and t.vpewriter. at sT-d . . ...... __ _ '.tno. no 

1 clerk anil iire[iaratiir. at sitn _ _ 720. iin 

1 .si7.-| c ]oj| oil 

1 st«ni.i,trraiilier. at sno . I.n74. nn 

I stenny-raiilier, ;ti s.s:;.:;;; iinn. nc, 

1 stenoitraiilier and t,v|ic\vrilcr. at S'.in .nid Sinn __ l.lso.nn 

1 steno^raiilier and t.v|K.'\vritcr. at syi.;;:; Idd. i;i; 

1 stcnotrraiiber and tj iiewriter. at ST-d 7.'. on 

2 steniitrr.iiiliei's and t.viicwrilcrs. at Sito . 1.272. nn 

stenii,trraiiliers and t,\ iiewrilers. at s.",o_ . '.iil'.i. |i; 

1 t.vpewriter. at Ss.", __ ] ly 

1 t.viiewritcr. at ST.d . _ . ;inn. no 

1 t.\ pewriter, ,it silo __ 712. nn 

1 t.\ iicwrifer. at sr.o _.. I'.r;. 

1 liotanical assistant. .It S7.7 .... .. _ 21a. nn 

1 liiitanical clerk, at sTd.. _ 117 .-,0 

1 lii’itanical clerk, at si .do per da,\ . . 27. fm 

:’> niessencei's, .ir S4n . _ . sno.no 

2 inesM-.n^ei’s. at s."„'"i... 122 1)2 

1 niessen^'er. at s:;o__ ._ I’ln m, 

M messencei's, at .S2.'i -12:; ,s:; 

."i niesseinters. at S2o__. _ _ _ _ 447. .do 

P.uildin^s and lalior 

1 captain of watch, at snn_._ 1. oso.no 

2 lientcnants of watch, at S7o . l.dso. on 

1 waiclnnan. at sd.d . . _ 7so on 

22 watclnncn, at Si;o Ed. 041, on 

2 wall hnicii at S.d.d . __ .-,-,11 mi 

1 general forcinan, at S122..do .... 1 ps.i 17 

1 fiii'eniaii. at S7.d._ l.do. no 

1 iar]icntcr. at Sin. _ -7 

1 workman, at .s.do .-,iis, ;;;; 

1 skilled ialinrer. at s.d.d mi 

.d skilled lalporei's, at s.dn. . 77- i,.] 

I skilled lalierer. at s Ed _ .jyi, m, 

skdled lahiaers. at sin ipy 

1 skilled laliiirei'. at s:;.d . . 

1.) sl^illeil laliorers. at S2.d. _ t .... 

2 skilled laliorers, at Sl..do per da.v._ . _ Co.d 2.d 


REPORT OF THE EXlX'r iTVr. COTITIli’TEE. 


XXX III 


RuiliUii;^^ luhoi' — ( 'uiitinueil. 

1 skilled h'.Uorer. .it .<1 per il;iy — 

elassitieil I.iborera. iit .'<47 4n 

7) laliorer-i, at -ST." 1. P'S-j. PR 

1 laliurer. at .'<4o L’.Slj. 0i> 

1.7. I liiorers. .it .s4ii i',. tii HI. .Sk 

1 lab.irer. at Sbb Tltb. (Ml 

Itl iabiirers. at .'<1..7(l ikt day ,S'il, d'.t 

1 labnrer. at per ila\ li. t!.7 

laliurer-'. at .'<1 per d.i\o_ _ _ __ _ __ i.'it;. 7.7 

12 atteiid.iiita, at .'<4(1 --- - - - -- s.''.2, (Ml 

7 .itteadaiit. at .'<1.12.7 jier d.iy__ __ 1127. .7(1 

pi I le.iiua-'-. at .''7..7 - _ . 12. '.i.7'i. 71 

.S ill, i’>,'-!!l. bS 

Tidal s.il. tries i.r eempeii'-alieu . . lit!. IJU2. .SI 

i'i:iisi:i;\'A I'p IX m' I'ui.i.iii' i pens lox.ti. .mi siii .m, lau.:,. 
la 1 i.ipi s 

Balai.i e .lul.v I. Pii.i.7, as per la^t r.'pert ,S(i. i.i4.7. o4 

id^ia j;si .\i I I 

Drawniks and ilUistnuinns . .. !j-2.7(i. (id 

I’reiitht and eartaite . - _ ... S112. 2,S 

Salaries er eiiinpeusarieii li. (17 

Speeial serviees . _ - — '.i.7!i. (14 

Spei linens 4.'!7. .'.S 

St.ltiijuery __ - 1 1.72. Mb 

Suiiplies -- 2.227.7;! 

Tl■avelill^' e.vpenses 727. IS 

Tidal dislmrseineiits _ .._ __ __ ... li (i74. (14 

lial.iiiio .[nl.v 1. Idiili. til meet mitsTandimr babdities ,771. lid 

i'i:iisMi:\ .\'ni i.\ lU' rnij.iicTin.x.s. n.mio.x.vi, mcshi .m. pint 
laa iiiei,-. 

Itaiaii.e .lul.v 1, 111(1.7. as [ler l.i^t rejierl . _ ._ .liil'i.s lid 

aisiit i;si .M KM 'I 

Freialii and earta.a'e.-. . . _ _ - -- .SdS. 12 

Speeial serviees . - - I2li. (Id 

Tiit.il di-.i!ilirsements _ _____ __ _ _ _ IS.S. VI! 

liaiaiii e - ^ 10. Stj 

Balauee carried, under jimvi'.iuns it Uevi-i.l Statute.', m'i tieii ."(ilid. by the 
Treasury liepartment. tu the i.i'edit nf tli,' s.irjdue tuiid. .Tune liu. pld';, 

s-\l 11.11 Id ill 
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REPOKT OF THE EXECrTIVE ( 'OXr:HTTTEE. 


FERXITEUE ANr> EIXTI'RKS, XATIOSAL MITSF-EM. 1900. 

RECEIPTS. 

Apto'opriation b;- c'on^r*'s'; foi‘ the fiscal year ending .Juno JO. IfMiG: 

‘■■For cases, furniture. li.Alures, ainl appliaiK os reiiuireit for the 
exhiliitioii and safe-keeping of the collections of the Xational 
Mu.seum, including salaries or comiieiisation of all necessary ciu- 
jiloyees" (sundry ci\ il act, March 3. P.Mi.Ji .'>22. bOO, oi i 


msiu'Rsi .Mi;x 1 s. 


Salaries or coinjiensation .'vl 1. .''iCiJ. dp 

Stiecial sta-viccs .. 2.'i 


Total salaries and servic. 
Miscellaneous . 

Eases, storage 

t'lotU, cotton, etc 

Drawers, trays, boxes 

Drawings 

1.1 lass 

tilass aiiuariiini 

Hardware 

Lumber 

Ollice furiiitiu'c. _ ... 

Paints, oils, brushes, ct. . , 

Paper 

llulilier. leather, cork .. 

Slate ...... ... 

Tools .. _. 

Tra\c! . 

Woodwor ; 


sn. .bPi;. .“,1 


1 . T4b. 7 1 

:;t;;. 7i 

2. bis. sc, 

1 S. ( II I 

Ibs. so 


bpd, .-.b 
1. pi;:, ir. 
•22b. ftii 

24. OP 
:;:tb .sn 
ri7. 42 

1S1. Od 
;‘.d. Ml 
21. .711 


Tot.' 1 iiiisceilalicoU' 


s. 


2-lb. bS 


Total ''.I'l.ur'eiiients __ IP. SI", .1:2 

Pailauce July 1. IPdb. to meet outstanding li.ibilities 2. b.7b. PS 


of /;/' pc sab/y'ifs' tit' I nut iir n silt if ,ii 


^ superintendent, at >tlbb.bb . .spiri pc, 

1 cleric at -Slid t :;c|| (,,) 

1 slioii foreman, at .spn . 1 , dsn up 

4 carpenters, at -Ss.J dl7. .7ii 

:i painters, at S77 ... 1 , to;,_ 

1 painter, at -SJd S4d. dO 

1 painter's heli,cr. at .s.7.7 bbd, dd 

1 skilied laborer, at Sldii --,1 

1 skilled laliorer, at .sb.7 -v;o i,,) 

1 skilled lab ii'er. at s.77i m, 

1 workman, ai .s.b.J __ .■ 'o no 


- 11. .7b:i I IP 


J'otal sal, tries or eompeusar '’i 



REPORT OF THE EXECUTIVE; COilMTTTEF.. 
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FURNITCRE AXD FIXTCUES. NATIONAL MUSECM, 190.'. 
KULll'l.''. 


Balanco. July I, lOO-'i. ;v pur last rup.aT - S2. TiiP. 99 

nlslifRsEMLNIs. 

iliscellaiieims : 

Cldth. cotton, etc Silt. 2ii 

Drawers, tra.vs. boxes 72s. Tb 

Frames, stauiis. etc b. 00 

Hardware I-'IJ. 01 

Leather, rubber, cork 4. .bO 

Lumber .ST. 10 

Olfice aud ball furniture 22b. bo 

I’aints, oils, etc 13. 8b 

81 ate 9. 30 

Stora.w cases S03. 2.5 

Structural steel work 98. 84 

Tools, etc 432. bb 


Total disbursenieuts 2.081.31 


BalaiK'e, .luly 1, 1900. to meet outst, online liabilities 88,68 


FntNrmiE and FiXTrRH.s. nationai, mfsep.m, luoi 


imempl.s. 

Balanct' .Tul.x’ 1 . loOb. as (ler last rei>ort-_ .. . 80.94 

ni.suVUSKMKNI s. 

Disbursenioiits Xone. 

Balance 6.04 


Balance carried, under provisions of Revised Statutes, section 3o90. by the 
Treasury Deiiartment to the credit of the suriilus fund June 30, 1900, 

HEATINi! and LIOHTINO. NATIONAL AIESET’M. 1906. 

KECEIPTS. 

.-Vppropriation bv roncress for the tisi al .vear endina June .30, 1900: 

For ex|n'nse of Ueatins. liahtiiv^. electric.al, teiecraphic, and 
teIe])honic service for the National iMuseum " i sundrv civil ai-t, 

M.arch 190b) __ __ __ ___ _ __ _ __ .818,000.00 


msi’.ra.si- men rs. 


Salaries or eoinpensation_ _ _ .88,307.34 

S[iecial services __ So. bo 


Total salaries aud services 8s. .347. 84 

Aliscellaneons ; 

.Vdvertisins l:l. 9b 

Coal and wo<,d 4, Sli>, 70 

Electrical supplies 343.97 

Electricity 1. 00b. 44 



XXXVI 


REPUllT fir Tlir. EXECUTIVE. ( '( OUMITTEE. 


MiM.fUaiK'ini' — ( 'Dili iiaieil 

Ca^ - 

Ileatma' suppla's 

Ui'Ut ul call liiixi-J _ 

Te!aa:raias - 

Teleiihi'iiu-; 


-ji i 

11(1. (Ill 
M. .'.T 
li:;. S.‘. 


Tiil.il lai-ccllai'.-nii'; - -- - •■'S. E.i.i. 41 

Tiit.il (li'.IiUC'aiaaar'i 

lliiliiiira .Tal\ 1. lliiii;. ti. aii -1 t li.iMlii a-a __ 


Aititl !'•>' -'ll hi I I* ^ * I' ( mil jif H ^<i 1 1 '>11 ■ 

1 ensinaat, ;>t .'<li:.4 ----- - ----- •''E 

1 tali'lilii iiK' i>li('i':itar, at - - - -- 

2 talapliant' (iiKTiitai''!. at •'fl-'d lH»r day . 

1 elC'cti'ici.-iu. at .'?4 par d:iy_ . _ — - . . ... 

1 firaiaaa, ;(t Sd(E_ - - - - -- - - 

1 bha.'k^untli. .it .''d(L- -- - - - - - 

1 ''ta.iadittar, at __ ■ - - - - 

1 pluialici'''i a'isistaat. at . 

1 skilled hdiarar, at •'ffldn ... - . . 

1 skillad klliarar, ,11 .ssi i . . . . 

1 skillad liilii ii'i't', .it .Slid - 

1 klliarar. .at -S-ld .aad .sl.4 . . . .... 

1 klliarar. at .s Id and .s4."-_ ... 

1 labarar, at .si.'i -- 

T(.ital s.ilark"' ar ■ ainiiaii'^ iti.'i! . .._ .s 


lIE.ATIN'i; .4XP l.ldllTlXd. X.Vl'lo.X.M. .MI Sl'.l .M, lan.-, 
Ill I t.iri'. 


Bukuiaa ,Tul\ 1. I'.id.l. as ]i.>r last rapi.r: ... __ .SI 

ai'iirusi Ml. \ I s 

Caal aud wiiad — .s.'.. pp 

Elaatriaal supdlias -- . . TIS. Td 

Elaatriaity _ .. :id:i. lEl 

(4as — ll.Jfi 

Haatinp' .siipplk's .. — .. 

lieut a.ill lia.\as__- — - . . ild. i.id 

ispeaia'l ser\ laas -- - Ilk. TS 

Telaar.iiiis kk. 77 

Talapkaiias -- bSd. IH.i 

Tai.il ilislairsaiaaiits ... __ . __ 1 


Ikikiiiaa .Tilly 1, I'ldd. to liiai r aurst.iiidiiia" li.ibilitias 


iiE.yri.Ni; .txii i.iiiiiTi.vi;, x.tridx.xi. .meseim laat 

i;L(-i.iris. 


lidk. k.k 
kiii; 7.4 


,kl M i. dd 
Sid dd 
k',1. dd 
1 dd. dd 
7'Ji '.(Hi 
7k( I. dd 
Pik kl 
7.SI 1 dd 
I ;i N I. dd 
! (•_'( I. (Id 
1 21 1. dd 
412 (Id 
7 1 P. I Id 
.7 1. (Id 

. 21 -.7. k4 


. KiP. Id 


. kss, .;s 

SI I |a 


rtal.iiiai-. .Tilly 1, IPd.i, as ]ipr last rapart 


.S.74. -Is 
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I>i';biirseiiieiits Xoiu-. 

Enlaiicc isril. 4S 


Ralanro can’iccl. iiiular lu-uvNiim^ of The Ki-vNod Staliiti'a. s('cticm :biOO, i\v 
tile Treasury I (cpartiiicnt. To the i-rcdit of the 'itit'iihi'- fiiiiil, .Tiino .'’.i), I'liii;. 

I'l )ST'A(;i:. NAJ'IONAL MFSFl il. IDot;. 

RK( ElPf'. 

Ajipropriation liy (''oiiui'cs'- for Iho tiscai jo-ir oiidiiiir .Tiiiu' ;:p. T.khT: 

■'For p(j'~taa'(' -rtampa ami fon-imi postal larda f<ir the Xational 


Jldsouui ■■ ( auiidry civil act, iMardi S.yoO. 00 

DlslirK'lWIEAls. 

For postage stamps and canls oiiO, (X) 


TTllNTIXE AM) P.lXDIXi:, X.VI'IOX.M. MrSEF-M. laDtl 

ULl l.ll-is. 

Appropriation by Conitrcss for the iiscal year ending .lune MO. lOOi;: 

For tho Siuitbsonia;i Instirutioii. for priiitmir l.d)els and lilanUs. 
and for tlie ' Ibdlotiiis ' and ' I’rocivdina:-' of The National Mii- 
.senni,' tlu‘ eiliTioiis of wliii-li spall not be loss titan M.pop copios. 
and l>indin,i.' in halt turkey or niaterial not inori* expensive, scitni- 
TiHc laioks and p.aniplilets pn'senred to and aciniireil by the 
NaTioitid Mttsenin I.ibr.ary " isundry civil .a, r. .Man-h M. lOiie)-- _ ftOO. OD 

nisni i!si.\iF.\ is. 


Ittilli>tilis of the iMusetiin .sT. IF’,. 42 

I’roeeeiliiiiis 111 the .Mtisiann 12, OMn. dT 

Contributions to .Natioinil lUn-htiritiiii M, ii4.' !I8 

Labels 217. ;!9 

Llanks and circulars ;-l,S2. 20 

I’tllilic documents 7;; 70 

Bindino .-r,7. 01 

Record books ll.d. IP 


Total disbursements 

Bahince .Tul.v 1. loin;, to nns-i outstanilina iiahilitit's 

next’ OF wi ikKsiii )ps. x.\rp)X.\[. Mf.sr.uii, inot’, 

1:1 ( ni'is 

Appropri.atioii by < 'on,c:res.s for the hs<-ai .vear endiiiir .Tune 2,0. I'.iOd: 

" For rtmt of workshops and teniporarv storatte i|uarters for the 
National Mnsenin '' 1 snmlrv <-ivd ai-t, M.areh M, I'.Hi.dt .'>4, dSn. 0?t 

uisnt lisLiii X 1 

Rent of v orkshops 

421 Ninth sirci't ,s\V.. 12 months, at .sldii.dd .'sl.ppp, 92 

217 Seventh street S\V.. 12 nionths, at .SlPd 1, 2(>P. 90 

;J09 and .'!F; Tenth stre.d S\V.. 12 months, at .ssti POO. 90 

915 firc'inia avenue (rear). 12 mouths, at SoO oOO. 00 


Total ilishurseiiients 
Bahince July 1. 1990 


. - 4 . 579 . 92 

0. 95 


24. 77.5 OS 


224 . 07 
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KEPOET OP TtlE EXECUTIVE COTIMITTEE. 


EEXT (ir WlIRKSiml'S, NATIOXAE MT'SECM, IftHy. 


Balance July 1. T.mv,. 


itELF.irr.'?. 


.?( I. ( IV 


Ul'-ni liVKMLA IS. 

Disburseiiieuts — N<ine. 

Ital.-iuie July 1, T.KiC. _____ _. .V(i. (IS 

liii.XT (ir W(_i!;KSiini's, NAri(_'A-VE ill si:u_M. i:i('4. 

lU ( I IV ( s. 

Balance .July 1, T.Mi.i. as ]icr last reir u-t Sii. iiS 

i.isni i;sKMi__Ms. 

Disliursciiieiits _ _ _ _ __ _ _____ _ Xiine. 

Balaui e . .VII, (IS 


Balance i an'ieil, umler jirevisious ni' Kctised St.Kiites. ~eciiiiu ;:(i;i(>, by the 
Tl'easm-y 1 leiiartiiieut T" Tbe cveilir ef tic ~uriil\ts t'liial June :;(>. IIMkI. 

BtTI.DI.N'C UEl’AllnS. -NA'i K.lN’AE .MI'SEUM. I'.'IKI. 
l!r,< I I ITS. 

Appi'oiiriatbiu by Cuinti'ess I'nr tlie li'cal yeac eiitlin:.: June Hb. T.XKl: 

"Fill' veiiaii's tn buililin"s. shi.ps .-aul sbejs. Xatiuual .Museum. 
includhiK all nei ess.iry bib'ir and material" (sundry civil act, 

March ;J. I'.iu.i i .si.',, (kki, oCJ 


I'lsia I s. 


Salaries er ciimii.-iisatiun ._ sT. 4.')2. i.i.i 

Special services __ _ 4s. ii(i 


Tiital 'aiaries and -eiticis _ _ ST. .ii i( i. ( i.j 

Miscellau.'iiiis : 

Asplialt _ - - _ . _ LM.-Tii 

Celaeiit water (.ib'..- _ _ ._ i;;;ii. i:(i 

Cliitli, et; __ . . . ;',S. iTi 

Glass :;(i. i;.", 

Hardware, tnels _ _ t:T ;ii 

Iriin and steel dmii's. siiiis. I'tc _ liiS. .Tu 

I.iuie. plaster, sa'cd, lireiiriief Ui.cks _ sc, T..T 

I.uiiibcr _ ._ _ hsl. 7J 

Paints, nils. clue, brushes ___ _ __ L"Jl..Tli 

I’lumbiuc material _____ _ ■Jl.", .T!i 

Rejiairs til reef's i by enutract i _ __ _ IJt.dii 

Steel beams, ancles, etc _ _ _ 4(1. '.m 

M'eeilwerlt ______ _ __ _ _ __ tJ, y.li 


Tetal 111 isceila iiceus 
Tet.d disburseiiieiits 

Balame .Inly 1, I'.iuC, te liiei t eatsr.eai . 


- 7(1(1. 


47 


111, "(111. .",2 


:C liabilities. 


4, TlilJ. 4S 



KEPOET OP THE EXECVTIVE COMMITTEE. 


XXXIX 


A)iiili/'<is 'jf ilishiir'iciiirnts fur nilnrii'x nr c<iiiiliriit:iitiij)i. 


1 superintendent, at _ __ !S!100. 96 

1 foreiii,-m. at .S90 _ _ l.OSO. 00 

2 eai'iienters, at ,, 1.282. .tO 

5 painters, at isT."! _ 1.117.50 

2 tinners, at .'?T0 __ 72,5. 07 

1 skilled laliorer, at .'s7o __ 81.07 

1 ( lassitied l.iijorer, at .soo 720.00 

1 riak'er, at .800 000.00 

1 inessen.aer. at .'^4o_ _ __ 120.00 

1 laborer, at .847 141.00 

1 laborer, at .840 480. 00 

4 laborers, at .si. .50 per il.a.v_ .. 1.58.75 


Total s.ilaries or coiiiiieiis.itioii . _ _ .. 7.4.52.05 


Brir.llIN'O RKl'.tlltS. NATTI MT'SEUM. ItUl.j. 


Balanee .Tidy 1, 19o5, .is per last report .. $1,800.90 

l)lsl!lRst;.\ILNTS. 

Cement, mortar, inarlile, ete._ 887.95 

t.lUiss .>. (0 

Hardware, tools. etc..._ _ . 2.59.20 

Lumber -- 12.97 

Paints, oils. ('te_. 810,07 

ITumbinu: ui.iterials _ . . 28.8,82 

Uejiaii's to root's (by eontract i .. _ _ 488. .50 

Tile tioors . .. _ 190.00 

Total disbursements.. — ..... .... _. .... ... 1,498.81 

r,alanee July 1, 190d, to meet outstanding lialtdities.. 807.50 

liUlLld.NO Um'AlKS. NATIO.VAl. .Ml'SEr.M, l‘>04. 


la < 1 irrs, 

Balanee July 1, 19U5. as per last repi>rt — .8.5.8.81 

Disr,, Ksn.MK.Ms. 

Hisbursemeuts .. None. 

Balanee - -- -- -- - 58.84 


P.alanee carried under iirovisions of Ilevised Statutes, sertiou 8090, by the 
Treasury I teiiartiiient. to the credit of the surplus fund. June 8o, I'.KiO. 

OUUKS, X.A'lTON.t!. ytl sl9 .M, lOoll. 

la 1 1 If rs. 

Apjtropriation by Con,a:ress for the dseal year eudin;t .June 1*0. 1900; 

"Fi*r imrchase oi hooks, pamphlets, and periodii a!s. for ivfi'renee 

in the National Museum" (sundry end a* t Jlari-ii 8. I'.Hio i 82. OOO. 00 
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KEPOKT OF THE EX-'.CrXlVE CUllillTIEE. 


Rooks, ]).i.iil>iucH, ,:i^ _ _ .k1. 2. IS 


R.il.iuio .riu\ !. i'MM:. to ;ii’ of o.tstuiiiliii,; Huliilitios i2i.'s2 

I’.IIDKS XA'IIUXAI. MlSKIil. I'.IO-,, 

KL< hlPls 

RaLiiico .lui,' 1, EMF., as isT L.'.t o'lioi-t .S! ; ii ; 

I Nil M 

Rooks, painitiilot', and ]»o!‘io(l:oa!' , , __ . _ ‘.to,"*, tip 

.liilv 1, IPoii. t,i 111 . ‘ft or.tstiiniliiiL' li.iLilities |'■0. 27 

iioiiKs xA.rii.XAi, iifsj:i ^t, mot. 
la.i 1 II’ I 

Baliiiii'o .Till,'" I, 1iio.7, as p,.;- ’.'opovt , _ _ -Sls, ;;2 

Pi'.iu 11^1 .MI rs. 


Rooks, p.uiiplilcts ,iuil por.oili, _ 10,71 

r>ill:lii''o 7. til 

Rnliini’o I'an'ii'il iiiidoi' provisiop- oi Rovisoil st.iliKcs. scctinii .’ippii. liy thp 
Trt’iisur.v I loiiai’tiiiont. to llio i rcilii of iho surplus fiin’l, .Juno :;o, I'.iot;, 

NATioN.M Ml s::i t:, i iktAsi-.p i-.yi'iiix df i:xiiii;n's .m iipiueh pipim tih: 
MiO!S!.\Xa I’MIfnASI' EX pi iSlTIt IX 


Rlllalli'o .Tui.v 1, I'lO.'i .1' ?io!’ I.wt I’opoIT 


s."*, 2.:.‘. 12 


Pl'i’.lH'i.AIFX’T'. 


I'l’i’inlir aiiil 


1. 1 tt;;;. 7!t 


R.ilaiii ’ ,(u!y ]. pioti. lo .iioi't * .tiT'rauiIiiiir lialulitios 


1, 171. ;!2 


I'l IP !!Asl' nr SI’E. IMlyXs. X.t i li.i.X'.M. Ml SEE.M, Hint, 


Hi I MIT' 

Ral.iuco ,ii!l\ 1. I'.IO",. a' per lii'’, I’.’port 


- .'iiiU. 72 


I »islnil''OIl|.‘Ul ' 


Ralaii'-.’ 

Ralaiiri* . .-m'.i il iiiiil. i proi 
'I’roH'Ury Dopartmont. to Hio 


lit 'la IISL.M INI' 

- - - _ Xollf 

- - - - -- still 72 

l-•ll■ll' of Iho Itol isod Sl.ltutos. soctioll iioiio. hy tho 
■ I’odit of ihi. sui’iiliM tiiiid, .luiio .'10, I'.IOii. 



EEPOKT OF THE EXECUTIVE COil.MITTEE. 


XLI 


NATinvAI. Z( )0[.00it 'AE I’AItK. llioi;. 

i:i,< I I ITS. 

Appropriation I)y fonsres-^ for tho ti^: . 1 '. year eiidini; June JO. 1000: 
" For eoiitinuiiis tlie (•oiisTrni-tii>ii of roaiH, ivalUs. Iirirtfre^. water 
supply, seweraue. and dirdua::e: and for irradiiuj. idautins. and 
otlieiAvise iniiirovina' tlie yTouiid' : eroctiu:; and reiiairiut; buildiutcs 
and inelosures ; care, sulisi-^teui'e. puri-liase and transportation 
of animals: includin.:; salaries or eouipeusatioti of all necessary 
employees, the lairchase of nei-essary books and periodicals, the 
printiULC and trablisbinn of oi>er;ifions. not exceeding; l.-lOO cO[iies, 
and seneral im-ideiital expenses not otherwise provided for, in- 
cludiim' purchase, maintenance, and drivin^r of horses and vehicles 
required for official purposes, .'sp.l.l M.io " (sundry civil act. March 
;k ItMib) 


DISnCKsLUKNlS. 


Sal.aries or (’omiiensation : 

1 snperiuTendeiit, at .SL!7.' ;ier month .s:;!. MOO. 00 

1 assistant superintendent, at .s 1 1 >( ;.( :i i |i.>r 


inontli . 

2 clerks, at .'512.' per montii 

1 steuocraplier. at per monrli-. 

1 messemter, at .'s.io and .'^Oo pc*:' montb 

1 inesseinrer, at .'>4.') per nioutli .. 

1 messenger bo.v, at •''1 p**!’ d.i,*. 

1 photonra|)ber, at .'<70 per iiionih.. 

I liead keeper, at .slL'.M per luotdh. 

7 keeiiei's, at .'<d.') jier moiitli 

1 keeper, at .'<00 and .■<d.' per ;nontli--. .. 

D keepers, at .'<(j2.."o per montii 

1 sergeant of watch, at .'< 1:0 and •'<d.'‘ per 

montii 

1 waicliman. at •'<0." per montii 

4 watchmen, at ■'<00 per nioiitli 

1 atteiiikint, at ■'<22..‘iii per month 

1 attendant, at 7.‘'> cents per day. 


1 . PPO. ir_' 
POP. pp 
POP. !»tl 
n.-iP. pp 

. 141 1. PP 

21’:!. 27) 
2 sp, pp 

1 . .">( M 1 . PP 
.7, 421. PP 

7.7( I. PP 
7.7P, po 

7.7P. (.Ml 
7.S( I, PP 

2. .s.7( I PP 
27( 1. pp 

7 7p 


Total salaries or compens,,tliiii 

Miscellaneous : 

I’nildiii.i's __ 

linildiiiy* iii.iteria! __ 


Feuciiii, eayo iii.iteri.il_- . 


Foo'I for animals 


Freiybt 

Fuel__- 


Furiiiture __ - 

Lumbi’r 

Ln.'litiny 

Machinery, tools, etc 


.'<27. Pi 1. 0:4 


4. ;:p7. 47 
2. ii-'i.s p;: 

2;;7, ,s4 
14, 424. (IP 
47! I. 00 
1. 071. s:: 

I SO. .70 
1.p: 14. 71 
7. <s7 
;:4o. 10 


S0.7, POO. 00 
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BEPOET OF THE EXECUTIVE COMMITTEE. 


Miscellaneous — Contiiiiieil. 

Miscellaneous >T, "Jo.T. 02 

Paints, oils, frlass. etc 2l:j. lo 

Postage, telegraidi, and teleiilmue I’l-T. UIJ 

Purchase of animals 1. 41 

Koad m.aterial and gradiin: -jl-T. 7(j 

Statiouer.v. books, etc 25ii, 07 

Surve.ving. iilans. etc .'‘.Id. 00 

Travel and Held e-\iien-.es 220.40 

Trees, plants, etc l(i7. OS 

M’ater sUBiil.v. sewiu'age. etc bio. ,S4 


Total miscellaneous SoO. 2o0. .Tl 

Wages of meclianics and laborers end hire id’ Teams in 
constructing buildings and iiido.snrc'. la.ving water 


Iii[ies. ljuilding nmils. gutters, .and v-ailk'. hbinting 
trees, and otherwise iui]iroving the grounds: 

1 drattsinan. ;it .sloo jicr luoutb .SPlo. 00 

1 machinist, at ■''too JH r moiilli !.2oo. («_» 

1 foreman, at ■''7b jier umiith ooo. 00 

1 assistant blacksuiith. at .''Oo ji.-r month_ 72o. oo 

1 workman, at iiajo iind .sob ina- moutli 7.bo. oo 

1 classilieil laborer, at .iioo .uid -sob jier 

inontli 7 Is. oo 

1 classilied laborer. ;it .S02..bo iicr moiith__ 7bo. iiO 

1 classilied l.iborcr. at .soo |.cr incntli 7'2o. iKt 

2 laboi'ei's. at -s.bb [ler month l..'’.2o. oo 

2 labori'i’s. at -sbo per month 1. bss. 7b 

2 laboi'i'i's. ,it -sio pi'f month-. ooi.. oo 

1 iiainter. at ■S7b per month ... b7. .bO 

1 painter, at -si! pel' il.i.v .bb. bO 

1 earpi'iitei-. at per day ami .s7b per 

month -- __ . 070. .bo 

3 cai'pciitci’s. at .•<:> tier da.v__ __ 210 oO 

1 WacksmiTh. .it .<-1 ]icr ilay. . . 40.'! .bO 

1 lahorer. at .'^2.2.b ]ier d.iy. . . . _ li'sO. 02 

3 classiried laliorefs. ,it !<2 iici d.iy. ... l.'.isl.oo 

2 lahorei's. ;it .S2 per day . 7,'2. OO 

1 classified laiiorer. at -''1.7.b ]ier d.i.y 024. 7.b 

13 laborers, at .si.Tb jier day _ o.. 72.b. 70 

50 labmei's. at SI bii jier da.v .S. ^41. .b2 

2 ial'orei's. at -SI ji. r day l.bii. .bO 

4 lieijiei's. at i.i cents j.er il.iy .j.i2. il 

2 lielj.ers. at .bo and 7-b eeiiT'' jier lia.v 370. i(i; 

3 tieljiei's. at .'ill rents jier ;iay __ o7 20 

2 wagons and teams, at .S3..bii pi r day S4i;., jiit 

2 horses and carts, at .si. 73 js r d:iy L'47. 10 


Tot.i! w.iges of meeli.inii s. ,.r 


32 . sso. 01 


Total ilisliursemeiii.. 


tio. 1S7 o 


4. SI2. 0 


Pi.il.iiii'e .Inly 1 . Itioo. to mi cT oirstand.iig Imb '.i.rb- 



REPORT OF THE EXECUTIVE COMMITTEE. 


XLIII 


NATIONAL ZOOLO<;lCAL I’AUK, lOOr,. 

l!aluiii-i‘ July 1, I'.Xi.'. us pur lust report - _ - I'll. l.JT. T.3 


niSP.L’RSEMEX rs. 

Services of horse uiid cart__ !'1. 7."i 

lUiildiiiiis .7. Td.'i. Ill 

i;iiildiii,i: luateria! - -- :U:!. :i.7 

Fciiciiia. cULre inaterial, etc SI. IP 

Food for aiiiiii;ils__ _ . 2. N-'IS. 41 

Frci-ht 720,21 

I.unihcr .. - - 272.22 

M.ichincry, tools, ctc_ __ IP.s, ,s,s 

?.Iisoellaneous _ _ - .. :‘.2o. 20 

Paints, oils, cjlass. etc . _ i;!4, P7 

Postairc, Tcleplionc. ami tclecrapli .. __ __ . __ 04,22 

Purchase of animals 400.14 

Roail material, irradiint. etc __ 74. TO 

Statiomn'.v. hooks, printing'. otc__ - ni;. . 7,4 

Trees, plants, etc . _ 1. 00 

Water supply, sewcraw. etc . 217.2-7 


Total dishursemeids _ __ . 11. oor, ;>,n 


Palam e .Inly 1, IPilo, to meet outstamlinj; liahdities 1.71. ;!4 

na'i io.nai. 7.001, Or; p'ai park, p.mm 

Balance July 1. IPO.7. as per last report -Sl.tUU. PP 


msi!rKsi:Mi.N'rs. 

FreiR'ht - - . -- - .SI. oil 

Buiklini-'s __ , .. __ — __ . . .. I.:'i72. 70 

T ital dishursemeiits _ . l.;!7:->. 70 

iSalaud' ... _ il. 2!i 

Balance carried, under provisions of Revise<l Statutes, section llOPO, by the 
Treasury Department to the credit of the surplus fund June ;;o. P.KIO. 

UECAPPtPLA'tloN 

The total amount of funds admiuistmvd by the Institution duriin; the year 
endimr June .'!o. IPOO. appears from the fore^oiim st.itements to have been as 
foll()\vs : 

s .\i I r u .so N I A N 7 N s T 1 1 u r 11 ) N . 

From balance June 20. IPO.7 „ — .s.7, 1.7:!. P2 

From receipts to June 20, lPO(i__ 07. ii02. :1P 

•'<72, SIO. 31 

ATTlaiPRT-VlIO.NS < ( l.M il ITTLI) liV I ONT.KLSs -.o THF. I ARL ol IIIL 
l.NSTirt rJO-N. 

Intci'ii.itional exchanges — Smithsoni.-in Institution ; 


From balance of 1004 _ . . ^ Spl. O.S 

From balance of IPO.7 _ . . 4.712 p.7 

From ajipropriation for IPOO _ 2s. .sun Ou 


224 02 
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EEPOET OF THE F.XErT'TfVE (_ OMMITTEE. 


Ameni-aii Etlraolofry — SLuilh'iiUiau In^Jtitution ■ 

From balance of l!Mi4 _ _ _ _ _ _ _ 

From lialancc of liion __ _ _ 

From aiipropriatiuu for T.mm; 

Antropbysical Observatory — Siuitlisoiiiaii Institution 

From lialauce of __ _ __ 

b'rom lialance of T.Hir> __ _ , _ _ 

From appropriation for __ __ 

PrPs«‘rvatioU of collection' “Xational Miiseiini . 

From lialauce of 11104 

From balance of lliOb 

From apiiropriatiou for llioi; _ _ _ 

Fiu'iiitnre and lixtures — Xational Mnseuni' 

From lialauce of 1001 

From lialauce of loori _ __ 

From appropriation for 1 !iim1___ _ _ _ 

Heatiny' and Imditimt — National Mii'ciini: 

From balance ot 1 !hi4 

i'rom liaiau<-e of l!Miri__ 

From apiiropriatiou for Iboi;. . _ _ 

Postai'c — Xational IMuseiim : 

From appropriation for inod 

Priutini; and liindim: — Xational .Museum: 

From approiiriariou tor piiiit.. 

Rent of worlcslio]is — Xational .Museum 

From balance of liml _ 

From balance of liio.'i . . _ _ 

From approiiriatiou for llinu. _ 

Buildin.;; iviiuirs — Xational .Museum- 
From balanci' of 11 'ki4__ 

From lialance of P.'hC, .._ _ 

From appropriation for P.mu _ . 

Books — Xational .Museum : 

From balance of inu4__ . 

From balance of P.iO.'i 

From aiiproprlatioii for 1 !mi(;__ 


i;4;i. L'r, 

4 U. I M H I. I HI 

.'< 411 . Tis. 111 ’. 

.4:1 111.’ 

4. iss. .-,i> 
l.'i. null. (Ml 

111 . 41 ’ 1 . .44 

Ills, nil 
ii. ift.-i. ;:i 

isii, (Hill, nil 
isu. Ml 

(i. Ill 

4. 71:11. nil 
44 , . 411(1 (III 

.41 is 

1 . Idli. in 

1 S. I II I( I, I III 

. 41 11 1 . Ill I 
4 . 4 . 1 11 III nil 


I IS 

. ns 
i . .4SI I I II I 

.4.1 111 
1 , son 1 II I 
1 .4 I II II I I II I 

is, ,;4 
111:4. iin 
4. 1 11 II I. Ill I 


4 . 4 SII. Ill 


1 :. S.4 1 44 


4. ns 1,4s 

4'raus]iortution of exhiliiis aeipiired from the r.ouisi.nia Purdias,. 

Kxposition — Xational Musenni : 

From li.-ilaiiee of apiiroiiriatioii - p> 

Purehase of specimen' — Xational .Museum: 

From lialauee of llin 4 Hit 7 " 

Xational Zoological Park • 

From lialance of llinl _ sl,:i7i; up 

From lialance of lli(i4 11,147 7 :; 

From appropriation tor innu _ li4, nnn nn 


— 107 . .444. 74 
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Sl'llMAUY. 


Smiths(-iii;ui lustiiutiiin 

luteniaiioim! ExcLiauac'' 

Aiiicficaii ]:thnolii,a,v 

A>n''H)]iy'.i<al 01iscrvatiii',V-_ _ 
Xaliiiiial Miim'iuu : 


ST2. sk;. ai 
a::. a24. ua 

4(1. 71.S, !»i: 
I'l. 221. 04 


IT'i'.'^t'rvaliiiu »if edUectiaii-- SlSii. .S44. aa 

ITirninii'c anil ti\nii'c<__ . __ 2.4. 2Ti;. !).'! 

ncalina and liahtiinr _ - - - ^ T.i. .42a S.S 

I'lislaixa 4IIII. no 

I’rintiii.a' and Ijindina^ 2.4.000.1)0 

Ki'iit of wovk'li'iir^,, __ _ _ _ .. 4. .4, Ml. t(i 

Hiiildina I'oiiaiiM ^ li'.. .s.44. 24 

Hooks 2. 0.S4. 2.S 

'rrai!s|iortation of oxhiliils aciinired from Eoiii-iana 

I'nrciiasi' E.x[iosition . _ . .4.22.4.12 

r’m'i-liaso of spi>.-iiiu‘ns_ . _ . 014 72 


2S,. 41.a. 00 


N'atioual ZooloiTical I'ark 


107. .404. 72 


.40,1. 02'.). 22 

The ooluniitliH' ha^ o.xamiiied tlio loiiolioi'' for pavmenl from tlie 
Smitli'onian inoonio (Itiriii"' tin' yoar ondiiio- Joni* :>(). eiioh of 

wliicli l.ioar.- tlio a[i[)r(i\al of tlio Soorolarv or. in his ahsom.-o. of llio 
Actiiio- Soorotary. ainl a (•ortifioarc that the matei'ials and services 
charged ivore a^.ijilied to tlie purposes of the Institution. 

d'he hooks and vouchers liavi' l)een exainiui'd and fouml correct. 

titutvim at of n.tjuhir iitroim. fioiii tin sniiHisoiiKiii fiiiul iiniihihh: }ur osc ilnrUtij 


IJic iicdi I iidiiiii ■lino- -in. IHi.'. 

Halanec .July 1. 1000 .Slo. 1S4. la 

interest due and reeeltalile Jul.v 1. loi.io .S2.S. 1 10. 00 

Interest due and and reeeivaiile .lanuar.v 1, 10o7 2.S. 110.00 

Interest. West Slnre Itailrnad Imnils. due Jul.v 1, 1000_. S40. 00 

Iut"rest. \\4'st Slmre Ittulniad Linuds. due Jtuuiar.t 1. 

1007 S40. (HI 

.47. OiK). no 

Tidal atailalile Oir .tear eiidiiiL: Jtiiie .an. I'.)07 OS. 084. la 

Ih'spectfMily siiliniitted. 


d. B. IIliADiatsoA. Chiitnuau. 
Ai.r.x.txnF.ii (inAii-tM Belt. 

/t ./'( ( oft c,' Com mttt( c. 


W.vsiiiA o 11 IN. 1 ). L'.. ■} n mill nj f. lOOC 




AOTS ASD RESOLFTIUNS OF COXGRESS RELATIVE TO THE 
SMITHSONIAN INSTITITION. ETC. 


[ ( 'ontini.ed fr«>m pipvioiis. ieiH)rts ] 


[ -ninth (Numross. hr^t ^*^^ssion ] 
sifiTHsoxiAN iNsrrrr THtx. 

Rfsol rpfl h)/ tl\C inn] nf Ih' piu n'cx of tho I yiltod 

Siniix of Aioi'rhii Id Codiih'ss ijDDfDihhil . That the vacancy in the 
Board of Reji’cnts of the Smithsonian Institution of the chms other 
than niemhers of Congress shall he hlled hy the reappointment of 
Richard Olney. a citizen of Alass^achu'ett'. ( Approveil February 23. 
IhOfi; Statutes. XXXH'. s22. ) 

Hexol I'fd hy tilt' S< Diifi' iiDiJ of Rd prrDrDtdf / t'Dx of the L lilted 

iStiitefi of Aiiier 'i((i id I 'iidi/i'id'i ussi'Hihleil , That the vacancy in the 
Board of Regents df the Smithsonian Institution of tlie class other 
than members of Congress shall l)e tilled by the i'eai)pointment of 
Andrew I). AMiite. a citizen of Xew York, whose term expires June 
second, nineteen hundred and six. (Ap]trove<l Ain-il 23. IhOG; Stat- 
utes. XXXIV. N27. S2.S.) 

SjtrriisoxiAX Dr.i’ostT | l.tr.KARv of CoxoRr.ss|. — For custodian, 
one thousand five hundre(l d(>llar-; a-si-tant. oiu' thousand two hun- 
dred dollars: messenger, sex’eii hiindreil and twenty dollars: messen- 
ger boy. three hundred and sixty dollar-: in all. three thousand seven 
hundred and eighty dollar'. (Approved June 22. I'JOtJ: Statutes, 
XXXIV. 33S ) ^ 

Ri IX or ('asa (tRaxdf. Auizoxa. — For ju’otection of Casa Grande 
Ruin, in Final ('ounty. neai- Florence. Arizona, and for excavation on 
th(‘ re-ervation, to be ex[)ended umler the supervision of the Secretary 
of the Smithsonian Institution. thr--e thousand dollars. (Approved 
June 2,0. liiOO: Statutes. XXXIV. 72!>. t 

I’kixtixg and Bixuixo. — For the Sinith-onian Institution, for 
printing and binding tlie Annual Reports of tlie Board of Regents, 
with general appendixes, ten thousand dollars: under the Smith- 
sonian Institution, for the Annual Reports of tlie National Alnseum. 
with general appendixes, and for the Annual IRuiort of the ^Vmerican 
Historical Association, and for printing labels and lilanks. and for 
the Bulletins and I*roceedings of the National Aluseum. the editions 
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ACTS AXD EES(_iLVl i )!’ C< 'A't.KESS. 


(.f wliicli .'liuli not oxcet'd four llion'iiinl injiio'. :uul Ijinding;. in half 
turkov or lualerial not iiioro oxjx'n-'ivt-. 'l•i(■ntiti<• hook^ and })aniplilet.s 
pre'.ontod to ;ind acijiured hy National i^In^onm Library, thirty- 
nine tlK)u^and dollar'; for tin* Annual IL-port' and Lidlotiny; of the 
Bureau of American Llliiiulooy. t \veiit\ -erne llioii'and dollar': tii ail. 
'e'centy thoU'and ilollar'. ■ Appia'ved done dO. i'.UJij; Statute'. 
XXX'l\’. TOO.i 

S\iirii'oMAA i.noLxn.'': Fur hiipii'Venient. cai’e. and inainteiiance 
of Smitli'onuui p'rouiid-. tlirei' thoU'aiul vlollar'. 

For lU'urfaciiJi;' a'|ihalt road.way- m li;.- .•^niith'onian oroiirK!'. live 
tlioii'^and (_lol!ai''. (Ap]jrove(i .(mu- IDoCi; .''uitute'. XXXl\h 

I do. ) 

ix iri.nx \iioy i ,\: n \nok'. 

For expen'C' of the 'y'(( u. <o' lijtei n it lonal exch:ine'e' hei^\een 
the h idled Stale' and foreien i otiiii I'le'. under the direction of the 
Sndlh'oniaii Tu'tilntion. jneliidiny 'tilaiie' or conipeu'atioii <d’ till 
nece,"ary employee', iuiil llu' piiichu'c oi iii-i’e"arv l^ook' and period- 
icaL. tv eniy-eiolit thou'iuii! eii;lit hiindrcii ilollar'. ( Apjiroved June 
30. lOOfi; Statute'. XXXll'. 7'd.) 

X.w.vi. (.)n'i.t:\ A'i'ot!\ ; I-iii' lepaif' to hiiiidiui>''. iixture'. and feiu'e'. 
furniture, ea'. eheniica!'. tiial 'tatioiierv. freie-ht ( ineliidini!' traii'- 
nd"ioii ol public dmiinient' titroueh the Sinith'oidan e-xchanm ). 
foreiu'ii jii/'ttiee. and exprc'-ao,.. piaiii'. fort i I ir.iu’-. and till ciintin- 
geiil exjieii'e'. two thoii'tind live hundred dollar'. (.Approved June 
lA. 10(10; Statute'. XXXI -Lh t 

ruitl'a' or .\.M].|;;i \N !•. 1 II \1 Ilj )0 V. 

for coin iiiidiie' et liiioloeical le'eareiic' .luioii;.;' the .Vinericaii In- 
dian' iiiiii the native' of Ilatiaii niulei the direction of the Sniith- 
.'onian Iimtitution. ineludine- 'ahiric' or conipeii'alioii of all jiecc'- 
'aiv enipei_\ee' and the jiurcha'e of neei "ar\' book' and periodical', 
foi tv ihoii'Uiid dollar', of whu-lj .'inn uoi exceedino’ one iliou'.and 
five hundi-ed dollar' may lie U',.,1 for rent of buildine-. ( Afiproved 
June d(l. 1!)(J0: Statute'. XXX'V. 7()f. ) 


.V'Tnoei! V'n (.r.'iax rroirv. 

I Ol iiiaintenance of .V'trojiliV'ie.il < tb'ervatorv. tinder the direc- 
tion of the Smith'oniaii Iimtifinon. iiiclmliiiy 'alarie,' of a"i.'tants 
the piirelui'e of nere"ary book' and periodieaL. aiiparatii'. inakintr 
'• atioij' in hiirh altitude', priiitino' and pnlilishinir 
Hut of II 'e.ui ne'. not exeeedine- one flioti.'and five liiindred ropio'. 

' i.itioii' of biiildinits isiid nii'eidlaneons expeit'e'. four- 

teen thoii'and dollar'. (Aj, proved June 31 ). inoc,; Statntem XXXIV. 
dB.J 
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IX'TKliXAXIOX'AL < ATAl,l><_U E UF sCIEXTIFK IJTEKATl KE. 

For the cooperation of the United States in the work of the Inter- 
national Catalogue of Seientifie Littn-ature. ineluding the preparation 
of a classified index catalogue of American scientific publications for 
incorporation in the International Catalogue, the expense of clerk hire, 
the purchase of necessary books and periodicals, and other necessary 
incidental expenses, five thousand d<dlars. the same to be exj^eiided 
under the dirc'ction of the Secretary of the Smithsonian Institution 
(Apjiroved Jun<> dO, IhOC): Statutes. XXXIV. 701.) 

X\TION \[. MCSEIWr. 

For continuing the construction of the building for the National 
Museum, and for each and every luirjio-e connected with the same, 
five hundred thousand dollars. 

For cases, furniture, fixtures, and api)liances required for the exhi- 
I)itiun and safe-koe[ung of the collections of the National ^luseum. 
including salaries or compensation of all neces-ary employees, twenty 
thousand dollars. 

For exj)ens(' of heating, lighting, electrical, teh'graphic. and tele- 
phonic service for the National Mu'Ciim. eighteen thousand dollars. 

For continuing the preservation, exhibition, and increase of th;‘ 
c(.)Ilections from the surveying and ex[)loring exi)editions of the (fov- 
ernuKMit. and from other source', inchnling salaries or compensation 
of all necessary employi'C'. and all other n(‘cessary exi>en'es. one lum- 
dred and eiglity thousand dollars, of whicli sum five thousand five 
hundred dollars may be it'ed for necessary drawings and illustrations 
for jmblications of the National Museum. 

For purchase of books, pamphlet', and jieriodicals for reference in 
the National Jluseum. two thou'and dollar'. 

For re])airs to building', 'hops, and sheds. National iMuseum. 
including all neccssaiw labor and matei-ial. fifteiui thousand dollars. 

For rent of workshops and temj>orary storage quarters for the 
National Museum, four thousand five hundred and eighty dollars. 

For postage stamj^s and foreign ]) 0 'ta] card' for the National 
iMuscum. fi\'e hundred dollar'. iAi)proved June I'.XX'i; Statutes, 
XXXIV. 701.) 

For ])i’es(‘i’vation of collection'. National Mu'eiini. twenty-six dol- 
lars and tliirtv cents. ( .Vp])roveil Jinn' tUt. inuu: .sttatutes. XXXIV. 
ti(i7. ) 

XATioNAI, Z<'OEOOI( AE I’AUK. 

For continuing the cou'ti'uction of road', walk', iirnlges. water 
siipph'. sewerage anil drainage; and for gradmi;-. plantuig. and other- 
sM luoi; 


i\ 
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wise iniproviuii' the (iTouiids; erecting; and repairing buildings and 
inclosnre^: care. ^ub~isteiice, purchase, and transjiortation of ani- 
mals; including .-.alaries or compensation of all necessary employee^, 
the purchase of necc'-ary bool vS and periodicals, the printing and 
publishing of operations, not exceeding one thousand five hundre<l 
copies, and general incidental expenses not otherwise jirovided for. 
including purchaee. inainteiiance. and driving of horses and vehicles 
required for official purposes, ninety-five thousand dollars; one-half 
of which sum shall be paid from the revenues of the District of 
Columbia and the other half from the Trca~ury of the United States. 
(Approved June 30. IDOO; Statutes. XXXT\". 701. TOo.) 

J.t:M KST( )WX EXI>( isri'K >x. 

That there -liall be exhibite<l at the Jamestown Exjiosition by the 
Government of tlu- I’nited States fi-om the Smithsonian Institution, 
the National iNIu-eum. and tlie IJbrary of Congress such articles and 
materials of an historical nat\ire as will -erve to im[)art a knowledge 
of our colonial ami national hi-tory; and such Government exhibit 
shall also include an exhibit from the War and Navy Departments, 
the Tdfe-Saving Service, the llevemie-Cutfer Service, the .Vrmy. 
the Xavy. the Light-TTouse Service, tin* Bitreaii of fisheries, and ttn 
exhibit frotn the Islatid of Porto Rico. And the Bttreait of Anierictiti 
Eejttiblics i- hereby invited to make an exhiltit illitstrati\e of the 
resotirces and ititernatiotial relations of the American Ueiniblics. and 
space in any of the Utiited States Government exhibit btiilditigs shall 
be provided for that ptirpose. 'I'he JamestoAvn Ter<’ontennial Com- 
mission. created by an act of Congress, aiqn'oved iNIarch third, nine- 
teeti httndred and five, shall, in addition to the [iiithority atnl dutie- 
conferred and inipo'cd by said act. be authorized atnl empowered 
and it shall be their ditty to select, prepare, transport, and arrange for 
the exhibition and return of the (hivernment exhibits herein author- 
ized. In addition to the articles and materials which the saiil James- 
town Tercentennial Commission may select for exhibition as aforesaid, 
the President of the United States may in his discretion designate 
otlii'r and additional articles and material'. 

The (.ifficefs and employees of the Gowrnmeiit who niav be a]»- 
j)ointed by the Jame'towii Tercentennial Commission to carry out 
the provisions of this -ection aiul any offic(“r~ and emplovees of the 
(iovermnent who may be detaile<l to assist them, including tin* officers 
of the .Vrmy and. Navy, 'hall receive no com])ensation in addition to 
their reguhif 'alarifs. but they shall be allowed their actual and nece-- 
sary traveling exi)i-n~e'. togi'ther vitli a i)er diem in bn'ii of subsist- 
ence not to exceed four ilollaf'. The oHicers of the .Vrmy and Navv 
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shall receive said allowance in lien of subsistence and mileace not 
allowed by law and the Secretary of War and the Secretary of the 
Navy may in tlieir discretion detail retired Army and Navy officers for 
snch duty. Any provisioti of law which may prohibit the detail of 
jtersons in tin* employ of tin* Ignited States to other st'rvice than that 
which tliey customarily perforin shall not apply to persons detailed to 
duty in connection with said Jamestown Tercentennial Exposition. 
And tit carry out in full all of the provisions of this section not herein 
otherwise specilically a|3]tro]triated for. the sum of two hundred thou- 
sand dollars or -o much thereof as may lie necessary is hereby appro- 
priated out of any moneys in the Triaisury not otherwise ajijiropri- 
ati'd. the sami* to lie expended in accordance with law and under such 
rules and ri'irulalious as the said Jamestown Tercentennial Eoinmissiou 
may jtrescribe. 

That the Secretary of tlie Treasury shall cause suitable buildinp-s to 
be erected on the site of the said Jamestown Tercentennial Exposition 
for said (iovernment exhibit, includin_<>- a suitable building- for the 
exhiliit of tile fruited States Infe-Sa ving Service: a tisheries building, 
including an ai|uarium: al-o a building for ii'C as a place of rendez- 
vous for th(‘ soldiers and sailors of the Enited States Xavy and Army 
and of till' foreign navies and armies participating in said celebration; 
also a building for use as a place of rendezvous for the commissioned 
naval and army otlicei-s participating in said celebration: aEo the 
jiri'paration of the grounds for, the apiiroaehes thereto, and the light- 
ing of all of said building-. .Said buildings shall be erecti'd. as far as 
]iractical)]e. on the colonial style of architecture from jilans jirepared 
by the siiiiervising architect of the Trea-ury. to be approveil by the 
Secretary of th(> 'rreasury : and the Secretary of the Treasury is hereby 
directed to contract for said Iniildings in the .s-ame manner and under 
the same regulations as for othei- public Imildings of the Enited States : 
Profulrd . I'hat the agoTeg'ate cost of all of said buildings, including 
the [irejiarat ion of grounds, approaches, and lighting, -hall in no event 
exceed thi' sinu of three htmdri'd and fifty thotisand dollars, which 
sum is hereby ajijn-opriated out of any moneys in the Treasurv not 
otherwise aj'propriated. ( Aiiproved June tSI). Ihtfti; Statutes, 
XXXIV. 7f4. 7(4. ') 




REPORT 


OF 

RICHARD RATHBUN, 

ACTING SECRETARY OF THE SMITHSONIAN INSTITUTION, 

FOR THE 

YEAR ENDING JUNE 30. 1906. 


To the Board of Rerjent/^ of the Smithsonian Institution. 

Gentlemen : It is with profound sorrow that I record the death at 
Aiken, S. C., on February 27, lOOtJ, of Samuel Pierpont Langley, 
Secretary of the Institution since 1887. 

This is not the place to give an adequate review of the work of Mr. 
Langley as a man of science, or to recall his contributions to the prog- 
ress of thought and to the uijbuilding of the various scientific insti- 
tutions with which he was connected. 

I may be permitted, however, to expre.ss here my sense of bereave- 
ment in the passing away of a man whose friendship and personal 
and official confidence I was privileged to enjoy. Although connected 
with the Sluseum and the Institution in one capacity or another for 
more than thirty years, my close relations with the late Secretary did 
not begin until 1896. Within this decade I learned to know him as a 
man of the most profound intellect, an acknowledged master in that 
branch of astronomy which he had virtually made his own, and a 
pioneer in the difficult subject of mechanical flight. In his youngi r 
years he set himself to determine the nature and composition of the 
sun, and the properties of heat and light in their relation to life upon 
this planet. Later he attacked that fascinating problem, the main- 
tenance and progress in the air of bodies many fold heavier than the 
medium through which they move. 

That he should have investigated these two large difficult subjects 
was but typical of his most marked intellectual characteristic, which 
required that he knock incessantly upon the doors which were closed 
to others. He was equally, if not professionally, concerned with all 
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the dilSculties which had presented themselves to the human intellect 
from the abstractions of the mathematician and the metaphysician 
to the mysteries of the theologian and the secrets of lost civilizations. 

But this great man also lived upon the earth. In his youth and 
earlier manhood he had a business training and a business career, 
and he carried to the verge of the grave most scrupulously exact 
business methods. His theory of administration lay mainly in select- 
ing men whom he could trust, and when he found that this trust was 
justified, in giving them his unbounded confidence. A man of the 
world, he yet retained the simplicity and rigid straightforwardness 
of the Puritan character, and though the arts of flatter}' were un- 
known to him, he bound to himself with indissoluble ties of affection, 
resjiect, and loyalty those who had the opportunity of coming 
closely in contact with him. 

With this Institution he had completely merged his life: not even 
his favorite scientific pursuits weighed where the interests of the In- 
stitution were concerned ; in season and out of season it was the object 
of his constant care. To it he added two new and important activi- 
ties, the Astrophysical Observatory and the National Zoological 
Park. It was during his administration that the Smithson fund 
received its only considerable additions since the original gift, and 
that the new building for the National Museum was authorized by 
Congress. 

The elegance of his style in writing and the clearness of his pres- 
entation, no matter what the subject might be. greatly enhanced the 
Institution’s reputation both here and abroad. Hardly any other 
American man of science so frequently met the learned men of the 
Old World or received so many distinctions from the academies and 
universities and societies of Great Britain and the Continent. 

He was not by any moans solely devoted to the natural or physical 
sciences. The breadth of his knowledge of the things that make for 
culture, and especially his interest in the fine arts were almost equal 
to his devotion to science, and his wide knowledge of history, though 
confined to no one country, was more especially directed to France, 
with whose annals and memoirs his acquaintance was almost that of 
an expert. His literary sense, not surpassed by even the most culti- 
vated of men, took the double direction of an enjoyment of all that 
was good in the best of literature, and an attempt to produce writing 
on scientific subjects which should bo clear and intelligible to the 
man of ordinary education, and sometimes even to the child. 

Many of these personal characteristics were reflected in the con- 
duct of the Institution during his incumbency. The Smithsonian 
Report was made more xaopular in the best sense, convening exact 
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information as to the advancement of science and the progress of 
knowledge to all who have an intelligent desire to keep themselves 
abreast of the world’s thought. 

The fine arts, which were provided for in the original law of the 
Institution, and which formed the object of its care at the beginning, 
had made but little progress for many years, because of the pressure 
of other subjects. He revived interest in this field in the early years 
of his administration and his action in this regard was more than 
justified by the noteworthy developments in the department of fine 
arts here in the past few years, developments which were slowly 
taking shape just as his life was drawing to a close. 

In the passing away of this distinguished man of science, broad 
minded, cultivated, this Institution and the world at large lose a 
great leader, and the writer of these lines an inspiring guide and a 
sincere friend. 

Out of respect to his memory the flags on the buildings of the In- 
stitution were carried at half mast until after the interment of his 
remains at Boston, on March .3. The offices of the Institution were 
closed on March 1, on which, day the remains arrived in Washington, 
and on March 2, the day of the funeral services here. On the latter 
day business was also suspended in the offices of the Xatioiial Mu- 
seum, International Exchanges, Bureau of American Ethnology, 
Xational Zoological Park, and xVstrophysical Observatory, and dur- 
ing the hours of the funeral services the exhibition halls were closed 
to the public. 

A formal announcement of the death of Secretary Langley was 
sent to the foreign correspondents of the Iiii^titution. and many ac- 
knowledgments have been received, expressing regret at the loss 
which the world of science and the Institution have sustained. 

In consequence of this sad event, it becomes my duty as Acting 
Secretary to submit a report showing the operations of the Institu- 
tion during the year ending June 30, 1906, including the work placed 
under its direction by Congress in the United States National Mu- 
seum, the Bureau of American Ethnology, the International Ex- 
changes. the National Zoological Park, and the Astrophysical 
Observatory. 

In the body of this report there is giv'en a general account of the 
affairs of the Institution and its bureaus, while the appendix pre- 
sents more detailed statements by those in direct charge of the differ- 
ent branches of the work. Independently of this, the operations of 
the National Museum and of the Bureau of American Etlinology 
are fidly treated in separate volumes. The scientific work of the 
Astrophysical Observatory is recorded in occasional publications. 
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THE SMITHSONIAN INSTITUTION. 

THE ESTABLISHMENT. 

By act of Congress approved August 10, 1846, the Smithsonian 
Institution was created an Establishment. Its statutory members 
are “ the President, the Vice-President, the Chief Justice, and the 
heads of Executive Departments.” 

As organized on June 30, 1906, the Establishment consisted of the 
following ex officio members: 

Theodore Eoosevelt, Preukh nt of the United Stales. 

Charles W. Fairbanks, Vice-President of the United States. 

Melville W. Fuller, Chief-Justice of the United States. 

Elihu Boot, Secretary of State. 

Leslie M. Shaw, Seei'etary of the Treemury. 

William H. Taft, Secretary of War. 

MTlliam H. Moody, Attorney-Cem ml. 

George B. QowY ^\. YOV ., Postinastcr - Geneml . 

Charles J. Bonaparte, Seoxtary of the .Vary. 

Ethan Allen Hitchcock, Secretary of the I nterior. 

James "Wilson, Secretary of Agriealture. 

Victor H. Metcalf, Secretary of Commerce and Labor. 

THE BOARD OF REGENTS. 

The Board of Regents consists of the Vice-President and the 
Chief Justice of the United States as ex officio members, three mem- 
bers of the Senate, three members of the House of Representatives, 
and six citizens. “ two of whom shall be residents of the citv of 
Washington, and the other four shall be inhabitants of some State, 
but no two of them of the same State.” 

The following appointments and reappointments of Regents were 
made during the year: By appointment of the Vice-President on 
December 7, 1905, Senator Henry Cabot Lodge in place of Senator 
Orville H. Platt, deceased, and Senator A. O. Bacon to succeed 
Senator Francis M. Cockrell, whose term of service in the Senate had 
expired; by appointment of the Speaker on December 13, 1905. 
Representatives R. R. Hitt and Robert Adams, jr., to succeed them- 
selves, and Representative W. M. Howard in place of the Hon. Hugh 
A. Dinsmore, whose term as Representative had expired. By joint 
resolutions of Congress approved February 23 and April 23. 1900. 
respectively, the Hon. Richard Olney and Dr. Andrew D. White were 
appointed Regents for term.s of six r ears each. 



REPORT OE THE ACTING SECRETARY. 


5 


It is with deep regret that I have to record the death of the Hon. 
Robert Adams, jr., on June 1, 1906. Mr. Adams was a member of 
the Board of Regents on the part of the House of Representatives for 
nearly ten years, and always displayed a deep interest in the welfare 
of the Institution. He was succeeded by the Hon. John Dalzell, of 
Pennsylvania, who was apiiointed by the Speaker on June 12, 1906. 

The membership of the Board at the end of the fiscal year was as 
follows : 

The Chief Justice, Mr. Melville W. Fuller, Chancellor of the 
Institution; the Vice-President, Mr. Charles W. Fairbanks; Senator 
S. M. Cullom; Senator Henry Cabot Lodge; Senator A. O. Bacon; 
Representative R. R. Hitt; Representative John Dalzell; Repre- 
sentative William M. Howard; Dr. James B. Angell, of Michigan; 
Dr. Andrew D. lYhite, of Xew York; the Hon. John B. Henderson, 
of the city of Washington; Dr. A. Graham Bell, of the city of Wash- 
ington; the Hon. Richard Olney, of Massachusetts, and the Hon. 
George Gray, of Delaware. 

At a meeting of the Board of Regents held March 12, 1903, the 
following resolution was adopted; 

Resolved, That in addition to the prescribed meeting held on the fourth 
Wednesday In January, regular meetings of the Board shall be held on the 
Tuesday after the first Monday in r>ecember and on the Gth day of March, un- 
less that date falls on Sunday, when the following Monday shall be substituted. 

In accordance with this resolution the Board met on December 5, 
1905, January 24, 1906, and March 6, 1906. A special meeting was 
also held on May 10. 1906. The proceedings of the Board at these 
meetings will be found in its annual report to Congress. 

GENERAL CONSIDERATIONS. 

The year just passed marked an important epoch in the life of the 
Smithsonian Institution, the completion of its sixth decade. 

Few establishments of learning have secured so wide a recognition 
in so limited a time, short in comparison with the history of the older 
universities and societies in America and covering but a brief period 
in the life of the seats of learning and of the academies of the Old 
World. This circumstance is principally due to the fact that no 
institution founded in trust ever had so powerful a guardian as the 
Government of the United States, and to the stability of policy given 
to the Institution by the permanence of position guaranteed to its 
head. It is doubtful if any other such organization in this country 
can point to sixty years of existence under the direction of but three 
men, and probably no other ha.-s been presided over in succession by 
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three persons of such great distinction as were called to the responsi- 
ble position of Secretary. 

When James Smithson bequeathed his fortune to the United States 
of America to found at Washington an institution for the increase 
and diffusion of knowledge among men, he left the broadest direction 
possible for the establishment of an institution of learning. He 
placed no restrictions whatever upon the means or methods which 
the United States might use in carrying out his noble idea. It is 
clear, however, that he had in mind that concrete means must be 
employed for accomplishing the purpose of his bequest, and this 
was the judgment of the Members of Congress for a period of ten 
years, while the subject of the Smithsonian bequest was under dis- 
cussion, and of all the distinguished scientific men and educators 
whose views were sought prior to final action by the National Legis- 
lature. So broad was the idea that it required to be interpreted and 
defined lest the eneigies exercised under the fund be scattered in 
many directions and prove wasteful and inefi'ective. As long as the 
two purposes were kept in mind, namely, to increase the sum total 
of human knowledge and to spread it abroad, the objects of the be- 
quest were being accomplished. 

Congress in the act of foundation directed that the sum of nearly a 
quarter of a million of dollars of interest, which had accrued since the 
receipt of the bequest, be appropriated for the erection of a suitable 
building, at once giving to the new institution a local habitation 
and a name, and it pro'Cribed, moreover, to what purposes this 
building should be put — a museum, a chemical laboratory, a library, 
a gallery of art, and lecture rooms. The law at once stamped the 
Institution with a national character by declaring that for exhibition 
in this building there be delivered over to the Institution all museum 
objects belonging to the United States which were in the city of 
Washington, and made the Institution coequal with the Library 
of Congress in the matter of receiving copyright books, engravings, 
and other articles. This act. however, comprehensive as it was, 
required further interpretation, and in addition to the purposes 
so clearly set forth it was decided to offer prizes for original 
memoirs, to make grants for special objects of research, and to 
diffuse knowledge by publishing a series of reports giving an account 
of new discoveries in science as well as separate treatises on subjects 
of general interest. 

In brief, the new institution was to take upon itself the functions 
of a great museum representing the sciences, the arts, and the indus- 
tries; a gallery of art; a library: an academy stimulating research 
and i-^uiing publications, and a publishing house for the populari- 
zation of kiioivledgc, and all these upon an income of what was then 
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not much more than $30,000 per annum. Nevertheless all these 
activities were undertaken and more not named were added, and 
by great economy and through the then larger purchasing power 
of money they were carried on with credit. Moreover, in view of 
the absence of many national scientific institutions which have since 
grown up, the Smithsonian, through its Secretary, was for a long 
period the general adviser of the Government in scientific matters. 
He served on the Light-House Board; he was called upon to make 
experiments to improve the acoustic properties of the Cajiitol; in 
times of war he advised in ordnance matters, whilst at ditferent 
periods the several secretaries took up such large questions as the 
study of meteorologi' and the making of meteorological observations 
all over the United States, finally resulting in the formation of the 
United States ATeather Bureau; the artificial propagation of food 
fishes and the investigation of problems relating to ichthjmlogy in 
their liearing upon the fisheries, resulting in the establishment of the 
Bureau of Fisheries; or so large a problem as the practical use for 
the purposes of war of the princi 2 ile discovered in connection with 
the maintenance and flight of heavy bodies through the air. 

As Congress and the peojile generally realized that the programme 
of operations was vastly larger than was commensurate with the 
income from the fund, they endowed this ward of the Government 
by annual budgets and thus made what was originally a compara- 
tively small museum a great museum of the nation; provided for 
the .system of exchanges of Government and scientific publications 
between this country and other countries; maintained ethnological 
and archeological work on a cou'^iclerable scale; established a splen- 
did home for the custody of living animals, at once serving for the 
recreation and instruction of the people and affording valuable ma- 
terial for students; and within the past year has assisted in a vast 
scheme of cooperative international bibliograjihical work, which had 
its incejition in a suggestion made by the first Secretary in 1S.55. In 
this and in other ways has the Government aided in carrying out 
the conditions ivliich it imposed upon the Smithson bequest, coming 
more and more to the help of the Institution, and making its own 
fund freer for that portion of its programme of work which has to 
do with research and publication and the general diifusion of 
knowledge. 

By a gradual and wise development of the system of administra- 
tion the four or five activities of the Institution have been put into 
separate groiqis, each with a responsible head answerable to the Sec- 
retar}^, which renders possible the greatest freedom of action and 
judgment consistent with an orderly and harmonious organization. 
Thus, at the end of sixty years, it may be said with truth lliat the 



8 


KEPOET OF THE ACTING SECKETARY. 


name of the Smithsonian is a household word throughout the United 
States, that it has been carried to every land where civilization 
exists, and that the benefits of this foundation, while naturally inur- 
ing most strongly to the people of the land in which the establish- 
ment was created, are j’et truly extended to all men. and that the 
United States, through its legislative and executive branches of the 
Government, through the distinguished men who have served upon 
the Board of Regents, and the great scientific leaders and thinkers — 
Henry, Baird, and Langley — has rendered to the world at large a 
more than faithful account of its stewardship of this unique bequest. 

ADMINISTRATION. 

The duties of the Secretary during his absence in the summer and 
from the time when his final illness began, in Xovember, 1905, were 
performed by Mr. Richard Rathbun, an assistant secretary of the 
Institution, by designation of the Chancellor under authority of 
the act of May 13, 1884, providing for the appointment of an acting 
secretary. That the work progressed so well is due to the hearty 
support given by the entire staff in what proved to be one of the 
most trying years in the histori' of the Institution. 

Dr. Cyrus Adler entered upon the discharge of his duties as 
assistant sea-etary in charge of library and exchanges on July 1, 190.5, 
and on the same date Mr. F. W. Hodge, who, for about four years, 
had served as acting curator of exchanges and assistant in charge of 
the Smithsonian office, resumed his duties as ethnologist in the Bureau 
of American Ethnology. 

It is gratifying to report that the current business of the Institu- 
tion was conducted in a prompt and efficient manner, and that no 
arrearages in the work of the Government branches under its di- 
rection had to be noted in the quarterly statements made to the Presi- 
dent and the annual statement made to Congress in accordance with 
law. 

As has been customary, the estimates submitted to Congress in 
October, 1905, were accompanied by a letter explaining concisely but 
as forcibly as possible the reasons for requesting the amounts named 
in connection with each item. In the hearings on these estimates 
before a subcommittee of the House Committee on Appropriations, 
which occupied the greater part of two days in April, 190G, the 
workings of the Institution and its branches were fully discu.ssed. 
;ind it is my opinion that the importance of the activities conducted 
under the direction of the Board of Regents is well appreciated by 
the members of that subcommittee. 
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In accordance with an enactment of Congress, the Government 
branches of the Institution join with the Executive Departments in 
drawing up each year a list of the more important supplies required 
during the next twelve months. Proposals are thereupon requested 
and awards are made to the lowest bidders. Reduced prices are 
secured in this manner and the machinery of purchasing is greatly 
simplified. The parent Institution has been privileged to share in 
this arrangement, greatly to its advantage. 

FINANCES. 

The permanent fund of the Institution and the sources from which 
it was derived are as follows: 

Dep’taited in the Trcusiii y of the United States. 


Bequest of Smithson, 1846 $515, 169. 00 

ResUliiary legacy of Suiitlison. 1S07 26, 210. 63 

Deposit from savings of income, 1867 108, 620. 37 

Bequest of James Hamilton, 1875 $1, 000. 00 

Accumulated interest on Hamilton fund. 1895 1.000.00 

2 . 000 . 00 

Bequest of Simeon Haliel, 1880 500.00 

Deposit from proceed.s of sale of bonds, 1881 51.600.00 

Gift of Thomas G. Hodgkins, 1891 200.000.00 

Part of residuary legacy of Thomas G. Hodgkins, 1894 8, 000. 00 

Deposit from sayings of income, 1903 25, 000. 00 


Total amount of fund in the United States Treasury 937, 000. 00 


Held at the Smithsonian Institution. 
Registered and guaranteed bonds of the West Shore Railroad 


Company, part of legacy of Thomas G. Hodgkins 42, 000. 00 

Total permanent fund 979, 000. 00 


That part of the fund deposited in the Treasury of the United 
States bears interest at 6 per cent per annum, under the provisions of 
the act organizing the In.stitution and an act of Congress approved 
March 12. 1894. The rate of interest on the West Shore Railroad 
bonds is 4 per cent per annum. 

By the final settlement of the estate of the late Thomas G. Hodg- 
kins during the past year the Institution received, in May, 1906, the 
balance of the residuary legacy left by this benefactor. It amounted 
to $7,850. in the form of registered bonds of the United States, now 
recorded in the name of the Smithsonian Institution, and held sub- 
ject to the order of the Board of Regents. Interest had accumulated 
on these bonds to the amount of $3,225.55, which sum was paid in 
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cash and deposited in the United States Treasury to the credit of the 
current account of the Institution. 

The income of the Institution during the year amounted to 
$67,588.08, derived as follows: From interest on the permanent fund, 
$57,900; from interest on the Hodgkins residuary legacy, $3,225.55; 
from rentals, $437.53; from miscellaneous sources, $6,025 — all of 
which were deposited to the current-fund account in the Treasury 
of the United States, which, through the courtesy of the Treasurer, 
is now receiving and collecting miscellaneous checks for the Institu- 
tion. thus making unnecessary the intermediary of a bank. With 
the addition of the nominal balance of $5,153.92, brought forward 
from the previous year, the total credits for the year reached 
$72,742. The disbursements, which will be given in detail in the 
report of the executive committee, amounted to $62,557.87, leaving 
a credit balance on June 30, 1906. of $10,184.13. 

Mr. W. I. Adams, chief clerk of the International Exchanges, was 
on June 12, 1905. appointed accountant of the Smithsonian Institu- 
tion and disbursing agent for the Government appropriations for 
the Isational Museum, the International Exchanges, the Bureau of 
American Ethnology', the Astrophysical Observatory, the National 
Zoological Park, and such other objects as may from time to time be 
placed by Congress under the direction of the Institution. 

Certain additional safeguards suggested by experience were 
adopted early in the fiscal year for the protection of the funds of 
the Institution and the Government. 

The Institution was charged by Congress with the disbursement of 
the following appropriations for the year ending June 30, 1906: 


Internationa! ExcUangos 

American Ethnology 

Astrophy.sical Ob.servatory 

Uniteil States National JIuseum : 

Furniture and fixtures 

Heating and lighting 

Preservation of colieetions 

Transportation of exhibits acquired at the Loui.siana Purchase 

Exposition 

Books 

Postage 

Rent of worksliops 

Buiiding repairs 

New building for the National .Museuiii 
National Zoological Park 


$28. 800 

40.000 

15.000 

22. 500 

18.000 
180,000 

6. .500 
2,000 
500 
4.580 
15. 000 
1. 500. OOO 
95,000 


Total 


1, 927. 880 


The estimates forwarded to Congress in behalf of the Government 
branche.s under the Institution and the appropriations based thereon 
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for the fiscal year ending June 30, 1907, are shown in the following 
table : 


International Exchanges 

American Ethnology 

Astrophysical Observatory 

National Museum: 

Furniture and fixtures 

Heating and lighting 

Preservation of collections 

Purchase of specimens 

Books 

Building repairs 

Rent of Workshops 

Postage 

Sunday and night openirur 

New building for the Natnuial Mu'cum 

National Zoological Park 

International Catalogue of Scientific Literature 

Protection and excavation, ruin of Casa Grande At uomi 

Total 


i Estimates 

i 

Appropria- 

tions. 

&-2S.800.00 

S28, 800 

50,000 00 

40, 000 

' 15,000.00 

i 

14, 000 

^ 22, 500. 00 

20,000 

lS,UO0 00 

18, 000 

210,000.00 
; 10, ouo. 00 

; 5, 000. 00 

180,000 



2,000 

15.000 00 

15, 000 

> 4,580.00 

4, 580 

500 00 

500 

11 . 70> SO 


750, OUO. 00 

500,000 

118,1)00 00 

95, 000 

5,000 00 

5. 000 

3.000 


1 201.088 80 

9X., SSO 


KESKAUCIIES. 

The fact that at the beginning of the fiscal year there were no 
funds to the credit of the current income of the Institution rendered 
it prudent that new research work should not be entered upon until 
at least a slight surplus to the credit of the Institution should 
have been accumulated in the Treasury. Accordingly, no enter- 
prises of this character were initiated during the year, and for the 
same reason publications in the Smithsonian series proper were 
suspended for several months. Such investigations as were in 
progress, however, were continued, and all obligations which had 
been incurred for grants or publications were met. 

SMITIISONIAX GRANTS. 

Prof. A. M. Eeese, of Syracuse University, who had received a 
moderate grant from the Institution for the purpose of collecting 
material for an embryological study of the alligator, submitted 
in August. 1905, an interesting account of the results of his field 
work in Florida. A series of nearly 300 embryos was gathered, 
comprising practically all the stages of development except the 
very early ones, which Professor Rec-e proposes to obtain later. 
Strangely enough, very little has been made known regarding the 
embryology of this large reptile, once so common in our southern 
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waters, and the material now at command will thus furnish the 
means for an original biological investigation of much importance. 

Dr. Edward L. Greene, who, as noted in previous reports, has in 
course of preparation a paper to be entitled “ Landmarks of Botan- 
ical History.” reports satisfactory progress. The completed manu- 
script is to be submitted early in 1907, and it is believed that the 
intimate knowledge of the history of botany possessed by Doctor 
Greene will render its publication of great value to students in this 
branch of science. 

The International Fishery Congress will hold its fourth general 
meeting in the city of Washington during the summer of 1908, and to 
enhance the interest in its proceedings prizes for contributions of 
merit have been offered by a number of organizations and individ- 
uals. In view of the importance of the occasion the Institution has 
tendered an award of $200 for the best essay or treatise on “ Inter- 
national Eegulations of the Fisheries on the High Seas, their His- 
tory, Objects, and Results.” 

HODGKINS FUND. 

Several important in%'estigations are in progress under grants 
from the Hodgkins fund of the Institution, the results of which have 
not yet been fully reported. The conclusion of others has been un- 
expectedly delayed, and these will properly be summarized in a later 
report. 

In ^larch, 1900, Dr. E. von Lendenfeld announced the conclusion 
of the second part of the investigations on the organs of flight car- 
ried on under his direction. It relates to the air sacs of birds, and 
was conducted by Mr. Bruno Miiller, whose report has been submitted 
and approved for publication by the Institution. 

Another paper, on the wings of hymenopterous insects, prepared 
under the same supervision by Dr. Leo Walter, has also been received. 

The investigation of Prof. W. P. Bradley, of AVesleyan University, 
to determine the relation between the initial and the final tempera- 
ture of air which in flowing through a nozzle passes from a high 
pressure to a lower is reported as progressing satisfactorily. Oppos- 
ing theories being held as to the physical principle involved in this 
type of expan.sion, special interest is felt in these experiments, and 
while they are not yet sufficiently advanced for a definite conclusion 
to be drawn from them, the present results are such as to justify a 
second moderate grant for their continuance during the coming year. 
It may be added that this inve.^tigation is expected to form an 
important part of an extended inquiry into the factors which make 
for efficiency in an air liquefier. 



BEPOKT OF THE ACTING SECKETAEY. 


13 


Under a grant from this fund Mr. A. Lawrence Botch, director of 
the Blue Hill Meteorological Observatory, was enabled to continue the 
ascensions of iaHons-sondes at St. Louis during the dilferent seasons 
of the year and so to ascertain the annual variation of temperature 
in the free air at great heights. Twelve balloons were dispatched 
in July, 1905, and all but two of the attached instruments were 
recovered. Their automatic records of barometric pressure and air 
temperature showed an extreme height of nearly 10 miles, with 
the lowest temperature of 74° F. below zero at a less altitude. The 
place and time of the descent indicated the average direction and 
speed of the air currents. All of the last 21 balloons and instru- 
ments, sent up in April and May, 1906, were returned, some of them 
having risen 10 miles and encountered a temperature of 85° F. below 
zero 8 miles above the earth. At about 7 miles a relatively warm 
stratum was entered, which was found to be at a higher level in the 
summer and autumn. 

In April, 1906, a Hodgkins grant was requested by Mr. S. P. Fer- 
gusson, assistant at the Blue Hill Meteorological Observatory, for a 
study of the differences between the meteorological conditions on the 
summits of mountains and at the same height in free air. An inves- 
tigation of this nature being important in it-: bearings on dynamic 
meteorology, a small grant to aid in the purcliase of the necessary 
apparatus was approved. 

The apparatus adapted and arranged by Mr. Alexander Larsen 
for experiments in photographing the spectrum of lightning has been 
materially improved during the year and the results carefully re- 
ported. Several interesting photographs have been received from 
Mr. Larsen, although the conditions have been generally unfavorable 
throughout the season for securing such, as the electrical storms, 
which would have furnished them, have taken place in the daytime. 
The research will continue to be prosecuted as occasion offers. A 
paper by Mr. Larsen on photographing lightning flashes by a moving 
camera is included in the general appendix of the Smithsonian 
Eei)ort for 1905. 

In May, 1906, a Hodgkins grant was approved on behalf of Prof. 
E. L. Nichols, of Cornell University, for an investigation on the 
properties of matter at the temperature of liquid air. The impor- 
tance to the physicist and chemist of this field of research, which 
greatly extends the range of temperatures throughout which investi- 
gations on the properties of matter can be conducted, is recognized, 
and the Institution expects that the experiments to be prosecuted 
under the supervision of Professor Nichols will mark a definite ad- 
vance in scientific knowledge in this direction. The outline of work 
already submitted notes progress in several interesting researches. 
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Preliminary measurements testing the method employed in experi- 
ments on the heat of vaporization and specific heat at constant pres- 
sure of air, nitrogen, oxygen, and hydrogen have been successfully 
conducted, and plans are making to extend the investigation to other 
gases. 

The method employed in an investigation to determine the coeffi- 
cient of expansion of metals and other substances at low tempera- 
tures makes use of the interference of light, and, being of extraor- 
dinary delicacy, possesses the advantage of permitting the determi- 
nation of the expansion in detail throughout the entire range of 
temperature, instead of giving merely the mean coefficient between 
fixed points of widely different temperatures. The results already 
obtained in the case of gold, silver, aluminum, and glass are of an 
interesting and unexpected character, and it is the intention to 
extend the experiments to other substances and temperatures. A 
set of measurements on the Hall effect in tellurium at the tem- 
perature of liquid air has been completed during the year, and 
preparations are already in progress for the study of the Hall 
effect and of electric properties in general of silicon, tungsten, 
manganese, chromium, molybdenum, and other substances which 
have only recently become available. An extended investigation 
on the effect of temperature upon the magnetic properties of cer- 
tain steels is reported by Professor Nichols as in progress and 
promises interesting results. 


NAPLES TABLE. 

The applications for occupancy of the Smithsonian table at the 
Naples Zoological Station during the past year have been numerous, 
and the appointments approved for the period from July 1, 1905, 
to June 30, 1906, aggregated sixteen months. Such action has 
been made possible through the courtesy of Doctor Dohrn. the 
director, who has on several occasions permitted the attendance 
of two Smithsonian representatives at the same time. As hereto- 
fore. the reports submitted by various occupants of the Smithsonian 
table mention with appreciation the excellent management of the 
station, and the unremitting efforts of all connected with it to 
further the work of investigators. 

Dr. Stewart Paton, formerly of the teaching staff of Johns Hop- 
kins University, who occupied the table for six months beginning 
November 1, 1905, secured an extension of his time through June and 
July, 1906. His researches relate to problems of fundamental impor- 
tance in connection with the structure, development, and function 
of the nerves, and their relation to the cardiac movements. It is 
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gratifying to state that he reports success in demonstrating the 
presence at an early period in the embryo of a nervous system far 
more complicated than was previously believed to exist. In sub- 
mitting an outline of his investigation, Doctor Patou applied for re- 
appointment for an additional period and his request has been 
approved for five months, from October 1, 1906, to February 28, 
1907. A monograph collating the results of the entire research will 
be published on its completion. 

Mr. W. B. Bell, fellow in zoology in the State University of Iowa, 
had the use of the Naples table for three months from the 1st of 
July, 1905. His time was largely occupied in the preparation of 
embryological material for later study, relative to the hermit crab, 
Eupagicnis prideauxii Bell. He will report at a future time upon 
the results of his investigation. 

Although the table was already occupied by a Smithsonian repre- 
sentative, Dr. Harold Heath, associate professor in Leland Stanford 
Junior University, was received at the station for three months from 
January 15, 1006, and Dr. E. L. Melius, of Baltimore, for the 
months of January and February. lOO'i, both being appointees of 
the Institution. Doctor Heath proixiscd while at Naples to conduct 
researches on the development of the ctenophore hydroids and on 
the body cavity of certain invertebrates. Formal reports, however, 
have not yet been received from either of these gentlemen. 

Dr. M. M. Metcalf, from 1893 to 1906, professor of biology in the 
Woman’s College of Baltimore, and now professor elect of zoology 
in Oberlin College, has received the appointment to the Smithsonian 
table for the months of March and Ajrril, 1907. It is Doctor ilet- 
calf’s intention to study the early development of the nervous system 
in the asexual reproduction of Safpa. to make observations upon 
certain species of the Amo:ha, and to search for indications of conju- 
gating flagellispores similar to those noted in a fre-h-water species 
w'hich he has heretofore examined. 

Thanks are again due to Dr. J. S. Billings, Dr. E. B. Wilson, 
Dr. Theodore Gill, and Dr. C. W. Stiles, who constitute the Naples 
Table Advisory Committee, for continued prompt and courteous 
aid in passing upon the qualifications of applicants for the Smith- 
sonian table at the station. 

The National Museum and the Bureau of American Ethnology 
of the Institution have carried on numerous biological, geological, 
and ethnological researches, described elsewhere in this report. Im- 
portant investigations by the A'^^trophysical Observatory on the 
absorption of the solar envelope and on solar radiation have been 
continued, and will be referred to later. 
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PUBLICATIONS. 

It is mainly through its publications that that vital principle of 
the Institution, “ the diffusion of knowledge among men,” is carried 
out. The institution proper maintains three regular series of publi- 
cations, the Smithsonian Contributions to Knowledge, the Smith- 
sonian Miscellaneous Collections, and the Annual Reports, while 
under its auspices are issued the annual reports, proceedings, and 
bulletins of the National Museum, the reports and bulletins of the 
Bureau of American Ethnology, and the Annals of the Astrophysical 
Observatory, the whole presenting a fund of information covering 
a wide range of human knowledge in both a .specialized and general 
form. 

The Smithsonian Contributions to Knowledge, now in their thirty- 
fourth volume, are restricted to the publication of positive additions 
to human knowledge resting on original research, all unverified 
speculations being rejected. The Smithsonian Miscellaneous Collec- 
tions are designed to contain reports on the present state of our 
knowledge in particular branches of science, instructions for collect- 
ing and digesting facts and materials for research, lists and svnopses 
of species of the organic and inorganic world, reports of explora- 
tions, and aids to bibliographical investigations. This series is now 
in its forty-ninth volume, and in the Quarterly Issue provision has 
been made for the early publication of short papers descriptive of 
new discoveries or containing information of current interest in all 
departments of science. 

These two series of publications are printed at the expense of the 
Institution. Owing, however, to the lack of funds heretofore men- 
tioned, their issuance was necessarily suspended during the early part 
of the year, but toward the close there was a partial resumption of 
the work. The printing of the memoir on “Atmospheric Nuclea- 
tion.” by Dr. Carl Barns, in tlie Contributions, was completed, and 
several papers were published in connection with the Quarterly 
Issue. 

The last edition of the Smithsonian Geographical Tables having 
been exhausted, a new one. embodying some minor corrections hv 
the author. Prof. R. S. lYoodward. now president of the Carnegie 
Institution, was put to press near the end of the year. A revision of 
the Meteorological Tables, for which there is also a great demand, 
is in course of preparation. 

There is under consideration a request that Bowen’s Vocabularv 
of the Yoruba languages, published by the Institution in 18.58, be 
reprinted for the use of missionaries in the Yoruba country of 'West 
Africa, those making the proposition regarding it as the most 
useful and accurate book dealing with the various phases of Yoruba 
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life. It is interesting to note that a work of this character, issued 
by the Smithsonian nearly fifty years ago, should still remain a 
standard of autlioritj^ 

In view of the increased interest and importance attaching to 
the subject of earthquakes on account of the disaster to San Fran- 
cisco and its vicinity on April 18, 190(1. it has been decided to pub- 
lish a supplement to the “ Catalogue of Earthquakes on the Pacific 
Coast from 17G9 to 189“,” compiled by Dr. E. S. Holden and pub- 
lished in the Smithsonian kliscellaneous Collections in 1898. The 
work will be prepared by an official of the United States Weather 
Bureau, and will bring the subject down to date. Through the 
courtesy of the Department of State and of the Hydrographic Office 
of the Navy Department, the Institution has also received informa- 
tion regarding recent earthquakes in Venezuela and other regions, 
which is available for publication. 

The annual report of the Board of Regents to Congress, which is 
printed at the Government Printing Office, has been the chief 
medium through which the Institution has been enabled to dissemi- 
nate scientific information to the world at large. Besides the offi- 
cial account of the operations of tlie Institution, this report has 
for over half a century included a general appendix giving a record 
of the progress in different branches of knowledge, compiled largely 
from journals in foreign languages, and the transactions of scientific 
and learned societies throughout the world. The considerable num- 
ber of co]ues of this publication placed by Congress at the dis- 
posal of the Institution has rendered possible a wide distribution 
to imiiortant libraries and institutions of learning, but the allot- 
ment is wholly insufficient to supply more than a small fraction 
of the individual requests, and the popular demand for the volume 
has so constantly increased that tlie entire edition of each year's 
report is exhausted within a few months of its appearance. 

The Proceedings of the United States National Museum, the first 
volume of which was issued in 1878. are intended as a medium for 
the publication of original papers based on the collections of the 
Museum, setting forth newly acquired facts in biology, anthropology, 
and geology, or containing descriptions of new forms and revisions 
of limited groups. A volume is issued annually or oftener, for dis- 
tribution to libraries and scientific establishments, and in view of 
the importance of the more imompt dissemination of new facts, a 
limited edition of each paper is printed in pamphlet form in advance. 
The dates at which these separate papers are published are recorded 
in the table of contents of the volume. The Museum Bulletins, 
publication of which was Ix'gun in 1875, comprise a series of more 
elaborate papers, issued separately, and, like the Proceedings, based 
chief!}’, if not wholly, on the collections of the Museum. A quarto 
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form of the bulletin, known as the “ Special Bulletin,” has been 
adopted in a few instances in which a larger size of plate was deemed 
indispensable. Since 1902 the volumes of the series known as “ Con- 
tributions from the National Herbarium,” and containing papers 
relating to the botanical collections of the Museum, have been pub- 
lished as bulletins. 

The annual report of the Museum is printed as a separate volume 
of the report of the Board of Eegents to Congress. 

The publications of the Bureau of American Ethnology, consist- 
ing of annual reports and bulletins, relate to the operations of the 
Bureau in its various branches of exploration and research. The 
most important work now in course of printing is a bulletin in two 
volumes entitled “ Handbook of the Indians,” which will contain a 
summary of all the information collected regarding the Indian tribes 
of the United States, arranged in alphabetical sequence for conven- 
ience of reference. 

Volume I of the Annals of the Astrophysical Observatory was pub- 
lished in 1900. A second volume, which has been in preparation 
for some time, is nearly ready for the press. It will discuss the con- 
tinuation of the work of the Observatory in Washington and also 
the investigations on solar radiation conducted by a Smithsonian 
party at the solar observatory of the Carnegie Institution on Mount 
Wilson, California. 

Two memoirs by the late Secretary Langley, entitled “ Experi- 
ments in Aerodynamics ” and “ The Internal Work of the Wind,” 
were printed in 1891 and 1893, respectively, as parts of Volume 
XXVII of the Smithsonian Contributions to Knowledge. A third 
])aper, dealing with later experiments on the same subject, was to 
complete the volume. At the time of Mr. Langley’s demise the man- 
uscript was mostly prepared, but it required revision and the writing 
of several chapters on the engineering part of the work; and by an 
arrangement with Mr. Charles M. Manly, who ivas for a number 
of years Mr. Langley’s chief assistant in aerodynamics, the memoir 
ha« been placed in his hands for completion. 

The Annual Eeport of the American Historical Association for 
die year 1905 was transmitted to Congress on May 14, 1906, under the 
requirements of the act of incorporation of the association. The 
Smithsonian Institution is by law allowed a number of copies of the 
reports of this association, ivliich are distributed in exchange for the 
publications of various foreign and American historical societies. 

There was also forwarded to Congress the eighth report of the 
National Society of the Daughters of the American Eevolution. in 
accordance with the act of incorporation of that organization. 

In 01 del tliat the practice of the Institution in the superv'ision of 
its publications might correspond with that of the Executive Depart- 



REPORT OP THE ACTING SECRETARY, 


19 


ments as prescribed in the President’s order of January 24, 1906, an 
advisory committee on printing and publication was appointed by 
the Acting Secretary on February 7, 1900, whose personnel is as 
follows : 

Dr. Cyrus Adler, Assistant Secretary, chairman; Dr. F. W. True, 
of the United States National Museum; Mr. F. W. Hodge, of the 
Bureau of American Ethnology; Dr. Frank Baker, of the National 
Zoological Park; Mr. C. G. Abbot, of the Astrophysical Observa- 
tory: Mr. ^V. I. Adams, of the International Exchanges; and klr. 
A. Howard Clark, of the Smithsonian Institution. 

The committee has held twenty-six meetings and has examined and 
reported on fifty-four manuscripts submitted for publication, be- 
sides numerous blank forms to be printed for use in the bureaus of 
the Institution. It has also advised the Acting Secretary on many 
matters connected with the question of printing and binding. 

For the guidance of the several branches of the Institution in the 
preparation of manuscript and the correction of proofs the following 
rules, recommended by the advisory committee, were issued in March, 
1906 : 

1. Typewritten copy Is preferred. Ordinary manuscript will be accepted If 
the handwriting is cieariy iegibie throughout. 

2. The sheets of manuscripts shouid be of uniform size and consecutively 
numbered. The writing shouid be on one side of the sheets oiiiy. 

3. The subject-matter of manuscriitts shouid be maturely considered and 
carefully revised by authors. e\erythiug unnecessary and irreievaut being ex- 
cluded. Particular attention should be paid to paragraphing, punctuation, 
the insertion of side headings, references to illustrations, etc., as only a limited 
amount of correction in these i)articulars will be allowed in proof. 

4. The whole of the manuscript must be submitted at one time, and with it 
all the tables and illu-strations that are to l)e used. 

5. Illustrations should be used only when necessary for the elucidation of 
tile text ; never for mere einbeliishment. The copy for colored or otlier expen- 
sive illustrations should not be pi’epared, nor should they be employed, without 
special authority. 

G. A list of illustrations, giving their titles in brief and such explanations as 
may lie necessary, should accompany the mauu>cript. Upon each illustration 
should be noted its number and a reference to the manu.script page to wliicii it 
relates. The places where plate and figure references are to be inserted in the 
text should be indicated in the manuscript. 

7. The use of tables should be avoided whenever it is practicable to present 
results in a summarized form, and all tables should be condensed as far as pos 
sible. 

S. In order to avoid unnecessary w’ork in the preparation of extended treatises, 
authors are urgently recommended to submit in advance to the head of the 
bureau to which such treatise pertains an outline in writing of its proposed 
contents, stating the probable size of the manuscript and the number of illustra- 
tious required. Extended treatises should be accompanied with a table of con- 
tents in which the relative importance of headings is indicated. 

9. Galley proof, upon which rea.sonable corrections and indispensalile addi- 
tions may be made, will be sent to the authors whenever practicable. If in 
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correcting proof an author exceeds what seems to the editor reasonable, the 
latter will exercise his discretion as to the revisions to be accepted. No mate- 
rial changes will be permitted in page proof. 

10. Editors employed under the Smithsonian Institution are required to see 
that manuscripts conform with the foregoing rules before they are sent to press. 
If this can not be accomplished by conference with the author, the matter must 
be referred to the head of the bureau under which the manuscript is to bo 
published. 

11. When ready for the press, the editor will send manuscripts to the head o£ 
the bureau to which they pertain, with a statement that they are in every 
respect ready for the printer and that the accompanying illlustrations are 
necessary. 

12. An editor shall not depart from the form established for any series of 
publications without the knowledge and consent of the head of the bureau under 
which he is employed. When a departure from approved standards of publica- 
tions seems desirable, the editor sliould obtain a s^imple page for criticism and 
approval before the printing proceeds. 

13. It is the duty of editors to see that copy for illustrations is suitable in 
kind and quality for the processes of reiiroductiou proposed to be employed, 
and also to see that figures (csi)ccially tliose in outline) are reduced to a size 
as small as practicable for the purpose iutcinled. All illustrations should be 
marked to show the size and the process of reproduction desired. 

14. Editors should see that every volume is supplied with n suitable index. 

Upon the recommendation of the Intoviiational Commission on 
Zoological Nomenclature that gonora hereafter descriljed be assigned 
a type species, a rule was issued on April 3, IPOC, providing that 
“ a type species shall be designated for every new genus of animal 
or plant proposed in the publications of the Smithsonian Institu- 
tion, and it shall be the duty of the editors to see that no new 
genera are published without such designation." 

Two important laws relating to public printing were passed by 
Congress at the last session and approved by the President on 
March 30. 1906. One of tliese provides that from the general ap- 
propriation for public printing and binding an allotment shall be 
made to each Department or independent office of the Government, 
and that to each shall be charged tlie first cost of publishing all 
reports emanating from such Department or office. The custom 
heretofore has been to charge the entire cost of all public docu- 
ments, except in a few specific cases, against the general appro- 
priation without re.stricting the Departments in this particular. 

The other law prevents accumulations of large numbers of docu- 
ments by providing that they shall be printed in several editions 
as the demand may require, the total number, however, not to 
exceed that authorized by law. 

The first of these laws I'cndered it necessary that the allotment 
made annually to the Institution for printing the proceediucs and 
bulletins of the Museum be extended to include the eo-t of the an- 
nual reports of the Institution and Museum, the repurt,- of the 
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American Historical Association, and the reports and bulletins of 
the Bureau of American Ethnology, all of which had previously 
been printed under the general appropriation for public printing 
and binding. The allotment made for these objects for the year 
ending June 30, 1907, aggregates $70,000, itemized as follows: 

For the Smithsonian Instilntion. foi' printing and binding the annual 

reports of the Board of Regents, with general appendixes $10, 000 

Under the Smithsonian Institution, for the annual reports of the 
National Museum, with general appendixes, and for the annual re- 
port of the American Historical Association, and for printing labels 
and blanks, and for tlie Imlletins and proceedings of the National 
Maseuin, the editions of which shall not exceed 4,000 copies, and 
binding, in half turkey or material not more expensive, scientific 


books and pamphlets presented to and acquired by the National 

Museum Library 39, 000 

For the annual reports and bulletins of the Bureau of American 

Ethnology 21, 000 


THE IJP.1,‘.\KY. 

The total accespions during the year to the Smithsonian deposit in 
the Library of Congress and to the libraries of the Secretary's office, 
the Astrophysical Observatory, the National Museum, and the Na- 
tional Zoological Park aggregated 33,358. There were also nu- 
merous additions to the library of the Bureau of American Eth- 
nology, which is separately administered. 

One of the most important accpiisitions was a unique Tibetan 
manuscript entitled Transcendental Wisdom,” received as a gift 
from the goveriuneiit of India, which has been deposited in the Na- 
tional iluseum. A notable gift to the Museum library was the Avork 
descriptiiT of the Heber R. Bishop collection of jades and other hard 
stones. This publication, Avhich was presented by the Bishop estate, 
is in two volumes of extraordinary size, prepared in the highest 
style of the bookmaker’s art, the edition being limited to 100 copies. 
The Gen. John Watts de Peyster library on Napoleon and other sub- 
jects was increased by 1,231 volumes. 

INTERNATIONAL CATALOGUE OF SCIENTIFIC LITERATURE. 

The International Catalogue of Scientific Literature is a classified 
authors’ and subject catalogue of all original scientific papers pub- 
lished throughout the Avorld. The organization consists of bureaus, 
established in each of the civilized coimtries, whose duty it is to 
furnish references to the scientific publications issued within their 
several regions, these references being assembled, edited, and pub- 
lished in seventeen annual volumes by a central bureau in London. 

The cost of printing and publishing is met by the subscribers to 
the Catalogue, and American scientific universities, libraries, and 
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scientific societies alone have shown their appreciation of the work 
by making advance subscriptions amounting to over $30,000. The 
cost of collecting and indexing the material for the Catalogue is in 
each case borne by the countries taking part in the work and is for 
the most part derived from direct governmental grants. 

The work has been going on since 1901, the organization having 
published up to the present time sixty-seven volumes. In the begin- 
ning of the undertaking the Smithsonian Institution, realizing the 
value and importance of the work, undertook to represent the United 
States, and each year made a small allotment to temporarily conduct 
it here. As it was realized that even the small sum which the Insti- 
tution was able to devote to this purjiose was a serious drain on its 
resources, the Board of Regents on March 6, 1906, adopted the fol- 
lowing resolution : 

Resolved, That it is the sense of the Board of Regents of the Smithsonian 
Institution that the work of the International Catalogue of Scientific Litera- 
ture be continued, and that application be made to Congress for a sufficient 
annual appropriation to enable this work to be carried on under the direction 
of the Institution. 

The Acting Secretary, in carrying out the directions of the Board 
of Regents, submitted an estimate of $5,000 to provide for the neces- 
sary expenses, which amount was appropriated in the sundry civil 
bill and became available on July 1, 1906. 

The magnitude of the work will be appreciated when it is said 
that since the beginning of the undertaking in 1901 the London 
Central Bureau has reccii'ed for publication over 750.000 reference 
cards, of which 92.492 ivere furnished by tlie Smithsonian Institu- 
tion, representing the original contributions of American scholars to 
the natural and physical sciences. 

The limited funds at the disposal of the Institution have consid- 
erably delayed and embarrassed the work in this country. The sys- 
tem as at piv-ent organized is, however, capable of exjiansion at anv 
time, either into fields not at present embraced within the scope of the 
work or in adding to the manner of presenting the index. Monthly 
or quarterly cards or pamphlets might, for instance, be published 
immediately after the appearance of the publications indexed, but 
such methods would only serve as adjuncts to the volumes, which 
would always be the permanent records. 

Recently a plan has been adopted whereby authors of papers are in 
special cases communicated with, in order that through cooperation 
the subject-matter may be completely treated from the point of view 
of both the author and the bibliographer. While this method entaih 
considerable clerical work, the results seem to justify the effort. 
Another plan which is being gradually worked out is to send to each 
author from time to time a list of his papers which have been indexed 
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at the Institution for the Catalogue, with the request that attention 
be called to any omission or errors. These two plans, were it possible 
to devmte sutEcient time to them, would render the work as exact as 
it is possible to make a complex index. Besides the value of these 
plans for the Catalogue itself, they keep the Institution in relation 
with the entire body of scientific workers in the United States and 
incidentally result in confiderable accessions to the Library. 

The supreme control of the Catalogue is vested in an international 
convention, and during the interval between two successive meet- 
ings of the convention the administration is conducted by an inter- 
national council. A meeting of the International Convention was 
held in London in July, 1905, and was attended by Dr. Leonhard 
Stejneger, of the United States Xational Museum, as delegate of 
the Smithsonian Institution. In view of the success already achieved 
by the Catalogue, the convention determined to continue it for a 
further period of at least five years. 

PRESERVATION OF AMERICAN ANTIQUITIES. 

For several years there has been increasing necessity for legisla- 
tion to prevent the wanton destruction of the interesting aboriginal 
ruins in the southwestern part of the United States, and a law, ap- 
proved June 8, 190(i. prohibits the excavation, injury, or destruction 
of any prehistoric ruin or monument on lands under the control 
of the United States without the permission of the secretary of the 
Department of the Government having jurisdiction. It furtlier 
provides that the President may by proclamation declare such his- 
toric sites and prehistoric structures to be national monuments. 

The sundry civil act approved June .30. 1906, contains an appro- 
priation of $3,000. to be expended under the supervision of tlie Sec- 
retary of the Smithsonian Institution for the protection of the Casa 
Grande ruin in Pinal County, near Florence, Arizona, and for exca- 
vations on the reservation, 

GIFTS TO THE INSTITUTION, 

The Institution has from the beginning been the recipient of many 
gifts from individuals and establishments, but these have not been 
enumerated in detail in the Secretary’s report. The donations of 
books and pamphlets are referred to in the report of the Library, 
and of objects and specimens in that of the IMuseum, while the two 
large collections of art acquired during the year are discussed on a 
subsequent page under the heading “ National Gallery of Art.” 

Mention should be made here, however, of the fact that the heirs 
of Secretary Langley presented to the Institution the medals and 
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tokens received by him in recognition of his contributions to the ad- 
vancement of knowledge, including the Eumford gold medals from 
the American Academy of Arts and Sciences and the Eoyal Society 
of London, the Henry Draper gold medal from the National Acad- 
emy of Sciences, and the gold medal from the Academy of Sciences 
of the Institute of France, and also the Eumford silver medals from 
the American Academy of Arts and Sciences and the Eoyal Society 
of London. 

COERESPONDEXCE. 

One of the important duties of the Institution is the conduct of its 
correspondence, not alone such as relates to its administrative affairs, 
but likewise to the mass of inquiries received from all parts of the 
country and indeed from every quarter of the globe, regarding al- 
most every conceivable subject. It is not the policy of the Institu- 
tion to encourage such requests unless they pertain to matters in- 
cluded within its scope, in which event, however, every effort is made 
to improve the opportunity for increasing or diffusing knowledge in 
accordance with the prime purposes of its foundation. Inquiries 
relating to subjects within the scope of other governmental agencies 
are referred to the proper sources of information and the writers so 
informed, but the amount of correspondence along legitimate lines of 
inquiry is very great and entails much labor upon both the scientific 
and the clerical staffs. 

In addition to the correspondence handled directly from the offices 
of the Institution proper, each of the bureaus under its direction con- 
ducts its own correspondence with large numbers of individuals and 
institutions desiring information upon the subjects to Avhich their 
activities relate. The National Museum, for example, sends out 
annually thocisands of lettei’s concerning ^pecimens transmitted for 
identification and a knowledge of their characteristics, while the 
National Zoological Park disseminates much valuable data regarding 
living animals. A large amount of authentic information about the 
American Indian, present and past, emanates amuially from the 
Bureau of American Ethnology of this Institution. There is also a 
groAving public interest in matters relating to astrophysics, and to the 
component elements in the sun and other celestial bodies, as mani- 
fested in a rapid increase in the amount of correspondence receiA^ed 
by the Institution regarding this branch of scientific iuA'estigation. 

Numerous letters are receiA’ed from inA-entors making application 
for grants of money Avith which to cleA'elop their A^arious devices, or 
asking an expression of the Institution’s opinion as to the merits of 
their respective inventions. The Institution has no funds from 
which such aid can be given, and the Secretary is, moreover, obliged 
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to refuse all requests for an opinion in these matters, since such 
action is prohibited by a decision of the Board of Eeo:ents. The In- 
stitution furthermore does not endeavor to supply information of 
a commercial nature, such as is customarily furnished for a fee by 
engineers or other professional advisers. 

In spite of these restrictions, however, the correspondence is. as 
has been stated, an important agency in the diffusion of knowledge. 

EXPOSITIONS, CONGRESSES, AND CEI.EBRATIONS. 

Expositions . — The Institution and its bureaus were represented at 
the Lewis and Clark Exposition, held in Portland, Oregon, from June 
1 to October 15, 1905, mainly by a selection from the objects which 
had been exhibited at the Louisiana Purchase Exposition, as nar- 
rated, on a subsequent page, in the report of the representative Dr. 
Frederick lY. True. 

Models of the Langley aerodrome, some photographs and books, 
and a number of plane surfaces and other apparatus were lent for an 
exhibition by the Aero Club of America, held in New Y"ork from 
January 13 to 20, lOOti. This club subseciuently adopted a series of 
resolutions expressing its appreciation of the important achieve- 
ments of Secretary Langley in investigating the laws of dynamic 
flight and in the construction of a series of working models which 
on trial had successfully demonstrated the principles of mechanical 
flight. 

Congresses . — The Institution was invited to participate in a num- 
ber of international congresses including the Congress of Anthro- 
pology and Prehistoric Archeology, held in Monaco in April, 1906, 
but the duties of the statl were so exacting during the year that it 
was found impossible to detail any of its members to be present at 
tlie-e important scientific gatherings. 

F mnl-Jin celebration . — The two hundredth anniversary of the 
birth of Benjamin Franklin was celebrated at Philadelphia by the 
American Philosophical Society, from April 17 to 20, 1906. the 
Institution being represented by Senator Henry Cabot Lodge, a 
Eegent. A formal address, suitably engrossed, was presented to the 
society, and the Institution received a copy of the commemorative 
medal struck in honor of the occasion. 

Aberdeen Unirersity . — In response to an invitation to participate 
in the ceremonies attending the four hundredth anniversary of the 
founding of the University of Aberdeen, to take place in September, 
1906, Prof. Frank lYigglesworth Clarke, honorary curator of the 
division of minerals in the National Museum, has been appointed 
to represent the Institution on that occasion. 
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3IISCELLANEOTJS. 

National Academy of Sciences . — In accordance with the custom 
of many years the National Academy of Sciences was granted the 
use of the lecture hall in the National Museum for its annual meet- 
ing from April 16 to IS, 1906. 

California Academy of Sciences . — The Institution has assisted the 
California Academy of Sciences in rehabilitating its library, which 
was entirely destroyed by the earthquake and fire at San Francisco 
in April, 1906, liy duplicating, as far as possible, the sets of the 
Smithsonian publications and by soliciting and forwarding to the 
academy the published works of learned institutions in this country 
and abroad. 

Fire protection of hvildings . — During the fiscal year a committee 
was ap.pointed to examine the buildings of the Institution and the 
Museum and to suggest regulations for their further safeguard 
against danger from fire. The report of this committee contained 
valuable recommendations, which have been put into effect. 

International Bureau, of Ethnoyraphy . — At the Congress on the 
Economic E.xpansion of the World, held at Mons, Belgium, in Sep- 
tember, 190o, a number of recommendations were formulated, includ- 
ing one for the organization by the Belgian Government of an inter- 
national bureau of ethnography, whose purposes were stated to be — 

1. The framing of ethnograi)hical and sociological interrogatories. 

2. The transmission of these interrogatories through the proper 
authorities to colonial officers, explorers, etc. 

3. The publication of the an.-.wers to such interrogatories. 

4. The distribution of these answers, and cooperation in the 
investigations. 

The Smithsonian Institution was invited to cooperate in the 
organization and promotion of the objects of this bureau, but after 
careful consideration it was found that most of the objects to be 
secured thereby were already included within the scope of the pres- 
ent activities of the Institution and its bureaus, particularly in the 
National Museum, where all collections belonging to the United 
States are deposited, and in the Bureau of American Ethnology, 
which is engaged upon investigations of the primitive peoples of 
this country. The National Museum is at all times prepared, so 
far as its collections allow% to enter into exchange relations with 
the museums of other countries, and this part of the proposed 
scheme could be carried on among the various countries that are 
interested without the establishment of a new bureau. 

It was found, moreover, that a very considerable si are of the 
general expense incident to the proposed international bureau would 
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entail upon the United States -without the possibility of a commen- 
surate return. Since it is enabled by its present system to infor- 
mally obtain most of the international advantages which would be 
obtained through the proposed organization, the Institution, while 
acceding in principle to the project, nevertheless felt obliged to 
decline an active participation therein. 

NATIONAL GALLERY OF ART. 

The curatorship of the art collections of the nation was confided 
to the Smithsonian Institution by the Congressional act of 18IG, 
providing for its establishment, in terms as follows: 

Whenever suitable arraugenieuts can be made from time to time for their 
reception, all objects of art and of foreign and curious research, and all 
objects of natural history, plants, and geological and mineralogical specimens 
beionging to the United States * * » shall be delivered to such persons 

as may be authorized by the Board of Regents to receive them, and .shall 
be so arrau,god and clas.sified in the building erected for the Institution as 
best to facilitate the examination and study of them. 

During its early years this object was promoted in various ways: 
Rooms for the gallery of art were especially designed in the Smith- 
sonian building, a very valuable collection of prints and engravings 
assembled by the Hon. George P. Marsh was purchased, a selection 
of casts was secured abroad, and loan collections of paintings and 
sculpture were placed upon exhibition. In 1866 the prints were 
placed for temporary safe-keeping in the Library of Congress, and 
in 1874, and again in 1879. various art objects belonging to the 
Institution were deposited in the Corcoran Gallery of Art, which 
had been established a few years before. With the definite organi- 
zation of the National Museum, art collections of various classes 
were secured, notably in the graphic arts, ceramics, metal, lacquer 
work, ivories, etc. 

Suitable fireproof quartei-s for the collections belonging to the 
Institution were subsequently provided under a special appropria- 
tion by Congress, but their recall was deferred until 1896. when 
formal action in the matter was taken by the Board of Regents. 
Some of the prints, however, are still at the Library of Congress, 
and a few other works of art, notably a large painting by Ilealy, 
at the Corcoran Gallery. 

While the title “ Gallery of Art ” may have seemed presumptuous 
for this small though relatively valuable collection, recent events 
have justified the expectation that sooner or later the nation was 
certain to possess such a gallery of genuine merit. Two benefactions 
are to be recorded in the history of the past year, both so far 
exceeding any previous ones as to mark a distinctively new era 
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in the building up of the National Gallery of Art. One of these 
was a gift from Mr. Charles L. Freer, of Detroit, Michigan; the 
other a berpic.-^t from the late Harriet Lane Johnston, of Washington. 

THE ART COLEECTIONS OF CHARLES L. FREER. 

Under date of January 3, 1905, Mr. Charles L. Freer, of Detroit, 
Michigan, transmitted to the Institution an offer to bequeath or make 
present conveyance of title to his valuable private art collections to 
the Smithsonian Institution or the Government, under certain condi- 
tions, proposing at the same time to provide for the construction, 
after his death, of a building of appropriate design and proportion 
to receive the collections, provided that the Institution or the Govern- 
ment would undertake its maintenance. Consideration was given to 
this proposal by the Board of Regents at several meetings, and on 
January -24, 190G, the offer was accepted on terms slightly modified 
by Mr. Freer, as conveyed in a letter addressed to the President of 
the United States, as follows : 

Washington, D. C., December 15, 1905. 

To the President : 

Permit me to repeat my offer to bequeath my art collections to the Smith- 
sonian Institution or to the United States Government, and also the sum of 
$500,000 in money for the piu'iio.se of constructing a suitable building in which 
to house tliem, upon the following terms and conditions: 

First. The sum of .$."00,000 shali be paid by my executors to the Regents of 
the Smithsonian Institution or the United States Government promptly after 
my decease, and shall be used forthwith for the construction of a fireproof 
building connected with the National Museum, the construction of which 
has been recently authorized, or reasonably near thereto. 

Second. The interior of this building shall be arranged with special regard 
for the convenience of students and others d('sir(>us of an opportunitv for unin- 
terrupted study. A suitable space shall be providid in which the Peacock 
Room should be re-erected complete The whole iutei'ior arrangement of the 
building shall be agreeii upon between the Regents of the Smitbsouiau Insti- 
tution and myself within a reasonable time after the acceptance of this offer. 

Third. The collections, with such additions thereto as shall be made during 
my lifetime, shall be delivered by my executors to the Regents immediately 
after the building is constructed and ready to receive them. 

Fourth. The collections and the buildings shall be cared for and maintained 
perijetually by the Smithsonian Institution or the United States Government at 
its own expense. 

Fifth. No addition or deduction shall be made to the collections after my 
death, and notliing else shall ever be exhibited with them, or in the same 
building, nor shall the said collections, or any part thereof, be removed at any 
time from the said building except when necessary for the purpose of making 
repairs or renov.-itious in the building. 

Sixth. No cliarge shall ever be made for admission to the building or for 
the privilege of examining or studying the collections. 

Seventli. The collections and building shall always bear my name in some 
modest and aiiproiiriate form. 
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In lieu of the foregoing offer, I am willing, upon the conditions above 
expressed, to make a present conveyance of the title to said collections to the 
Institution or the Government, and a bequest of the sum of $500,000 for the 
building, provided : 

1. The collections shall remain in my possession during my life, and in the 
possession of iny executors after my death until the completion of the building. 

2. I shall have the right to make such additions to the collections as may 
seem to me advisable or necessary for the imi)rovement of the collections, or 
£iny of them. 

3. On or before April next I will file with the officials of the Smithsonian 
Institution or the United States Government a descriptive inventory of the 
objects belonging to the collections. 

4. Both I and my executors shall be free from any liability on account of 
any loss in or danger that may accrue to the collections while in my or their 
charge, even though such loss or injury shall occur by reason of my or their 
negligence, or the negligence of my or their servants, agents or emi)loyces. 

The exact form of the bequest or gift, and the details for carrying it into 
execution, are legal questions that can be agreed upon by counsel representing 
the Institution or the Government and myself. 

I am, with great respect, very sincerely yours, 

Charles L. Freer. 

Following is the resolution of acceptance, adopted by the Board 
on January 24, 1906 : 

The Board of Regents, recognizing the gi’eat value to the people of the 
United States of the art collection so generously offered by Mr. Charles L. 
Freer, of Detroit, Michigan ; 

Resolved. That the Board of Regents of the Smithsonian Institution do hereby 
accept the tender of Mr. Freer to make present conveyance to the Institu- 
tion of the title to hi.s art collection, and to bequeath to the Institution 
the sum of $500,000 for the construction of a fireproof building in which to 
house it, under the terms as stated in his communication to the President of 
the United States dated December 1.5. 1905. 

The conveyance was finally executed on May 5, 1906, in the follow- 
ing terms : 

Know all men by these presents that Charles U. Freer, of the city of Detroit, 
county of lYayne. and State of Michigan, party of tlie first part, for and in 
consideration of the sum of one dollar and of other valuable considerations to 
him in hand paid by the Smithsonian Institution, an establishment created by 
act of Congress, party of the second part, the receipt whereof is acknowledged, 
has bargained and sold, and by these presents does grant and convey unto the 
said party of the second part, and unto its successors, the art objects belonging 
to said party of the first part and now in his possession at No. 33 Feriy avenue 
east, in the city of Detroit, Michigan, particularly enumerated in the printed 
inventory hereto attached and made a part hereof ; to have and to hold the same 
unto the said party of the second part, and its successors forever. 

The said party of the first part for himself, his heirs, executors and adminis- 
trators. does covenant and agree to and with the said party of the second part, 
and its successors, to warrant and defend the sale hereby made of said propert.v, 
goods and chattels unto the said party of the second part, and its successors, 
against all and every person or persons whatsoever. 
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This transfer and sale is made by said party of the first part, and is accepted 
by said party of the second part, upon the following terms and conditions, 
whieii are hereby declared to be binding obligations upon the parties hereto : 

1. Said first party shall bequeath to said party of the second part under the 
terms of his last will and testament the sum of five Imndred thousand dollars, 
which shall be paid by the executors of said party of tlie first part to said 
party of the second part promptly after tlie death of said pai'ty of the first 
part. Said sum shall be used fortliwith after the receipt thereof by said party 
of the second part exclusively in the construction aud equipment of a fireproof 
building connected with the Xatioiial Museum, or reasonal)l,v near thereto, 
upon a site to be furnished liy said i)arty of the second part, according to plans 
and specifications nliich shall be agreed upou as soon as may be alter the date 
hereof between said party of tlie fiist part and the Kegents of said Institution; 
provided that any portion of said sum that shall remain unexpended after a 
imildiiig planned to take said sum for its coiistruetioii and equipment shall 
liave lioeu completed may be used by said Institution for purposes connected 
with said building and its collection. ,Said Imildiiig sliall be used exclusively 
for storing and exhiliiting the olijects covered by tliis instrument and such 
objects as may hereafter be transferred by said first party to said second party. 
In the event that plans and specifications are not agreed upon prior to the 
death of said first party, said building shall lie constructed and equipped by 
s.aid Institution with tlie sum so beque.atlied with special regard for the con- 
venience of students and otliors desirous of an opportunity for uninterrupted 
study of the objects emliracod liereunder. A suitable space sliall be provided in 
s.aid building in which tlie I’eacock Uoom mentioned in said inventory shall be 
ro-erected complete. 

2. Said first p.irty may add other appropriate objects, to be selected by him, 
to tliose enumerated in .said inventory, and such other ulijcets when trausfei'red 
to said second party sliall be subject in all respects to the terms and conditions 
enumerated in tins instrument. 

3. The objects emliracod in said inventory, with such additions thereto as 
shall he made liy said first p.irty during his lifetime and transferred to said 
second party, shall lie delivered by the executors of said first party to said 
Institution in said building iiiimediately after the building shall have been con- 
structed and ready to receive tliem. 

4. The said building, when constructed, and tlie olijects when delivered, sh.all 
be cared for and maintained perpetually by said second party, or its successors, 
at its own expense. 

After such delivery no addition siinll be made to said objects, nor shall 
any deduction be made therefrom, and no otlier objects of any kind shall ever 
be exhiliited in connection with said objects, or in the same building, nor shall 
tlie said objects, or any part tiiereof. be removed at any time from said build- 
ing, except when necessary for the purpose of makiii,g repairs or renovations in 
the building. 

6. No charge shall ever be made fo'r admi.ssion to the building nor for the 
privilege of examining or .studying the objects contained therein. 

7. The collections and building shal! always bear the name of said first party 
in some modest and appropriate form. 

8. All objects covered by said inventory and by said subsequent transfers 
shall remain in the possession of said first party during his lifetime, and in the 
possession of his oxeiutors after his death until the said Iniildiiig is fully com- 
pleted. Said first party shall have the right during his lifetime to loan any of 
said objects for exhibition purposes. 
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9. Said first party and his executors shall be free from any liability on 
account of any loss in or damage that may accrue to the whole or any of said 
objects before the delivery thereof to said second party, notwithstanding the 
fact that such loss or damage may accrue by reason of his or their negligence 
or the negligence of his or their servants, agents or employees. 

It is the intention and meaning of the parties hereto that the title to the 
objects mentioned in the inventory hereto attached pa.sses immediately to said 
second party, and that the title to all objects which may be added to those in 
said inventory mentioned, and which may be covered by snltsequent transfers 
to said second party, shall pass immediately to said second party, upon the 
delivery to it of each instrument of subsequent transfer. 

In witness whereof the said party of the first part has hereunto set his hand 
and seal, and said party of the second part has caused this instrument to be 
executed in duplicate by its Acting Secretary and its seal to be hereto affixed, 
this fifth day of May, 1906. 

(Signed) Chabces L. Freer, [seal.] 

Smithsonian Institution, 
(Signed) By Richard Rathbun, 

Acting Secretary. 

Signed, sealed and delivered in presence of — 

(Signed) HERiiKRr E. Boynton, [seal.] 

(Signed) Frank W. Hackett. [seal.] 

The printed inventory which accompanied and was made a part of 
the above conveyance enumerates above 2,250 objects, which may be 
briefly summarized as follows : 

By James McNeill MTiistler, 119 paintings in oil. water color, and 
pastel; 100 drawings and sketches, 3 wood engravings, COO etchings 
and dry points, 165 lithographs, and all the decorations of the famous 
Peacock room. By the American artists, Dwight W. Trvon, Thomas 
W. Dewing, and Abbott H. Thayer, 60 paintings in oil, water color, 
and pastel. Of oriental paintings, 298 kakemono and makimono, 
121 screens and 53 panels, by various masters of Japanese and Chinese 
schools, from the tenth to the nineteenth century, including Kiriomin. 
Sesshu, Sesson, Motonobu, Tanyu, Koyetsu, Sotatsu, Korin, Kenzan, 
Hoitsu, Okio, and Hokusai ; besides 4 albums of Japanese art and 13 
Tibetan paintings. Of oriental pottery, 953 pieces from Japan, 
China, Korea, Central Asia, Persia, and Arabia. There is also a 
small collection of ancient Chinese and Japanese bronzes and some 
lacquer work by Koyetsu, Korin, and Ivitsiiwo. 


THE ART COLLECTION OF HARRIET LANE JOHNSTON. 

Mrs. Harriet Lane Johnston, the niece of James Buchanan, who 
had accompanied him when minister abroad and who was mistress 
of the "White House during his term as President, had assembled at 
her home in "Washington some inqiortant works of art, including a 
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number of paintings by distinguished masters, and numerous articles 
of historical interest and value. Upon her decease on July 3, 1903, 
it was found that she had bequeathed this entire collection to the 
Corcoran Gallery of Art under certain specified conditions and sub- 
ject to the provision “ that in the event that the Government of the 
United States shall establish in the city of Wasliington a national 
art gallery that the said articles shall, upon the establishment of said 
national art gallery, be, by the said trustees of the Corcoran Gallery 
of Art and their successors, delivered to the said national art gal- 
lery, and upon such delivery shall become the absolute property of 
the said national art gallery established by the United States.” 

The conditions were of such a character as to cause the Corcoran 
Gallery to decline the bequest. From what has subsequently been 
learned Mrs. Johnston seems not to have been aware that the Smith- 
sonian Institution had been named as the depository for the objects 
of art belonging to the nation, possibly from the fact that it had 
never been formally designated as the National Gallery of Art. 

The executors of the will, although desiring to carry out its intent 
and render possible the maintenance of the collection in its integrity 
in Washington, felt themselves without authority to award it to the 
Smithsonian Institution under the circumstances, and the Congress 
then in session (1903-4) was too near its close to secure what was 
then deemed necessary legislation, although an appropriate resolu- 
tion was introduced in the Senate. 

The annual message of President Roosevelt to the Fifty-eighth Con- 
gress, third session (dated December 6, 1904), contains the following 
clause : 

The collections of art contemplated in section 5586 of the Revised Statutes 
should be designated and established as a national gallery of art, and the Smith- 
sonian Institution should be authorized to accept any additions to said collection 
that may be received by gift, bequest, or devise. 

No action followed in Congress, but the executors of the Johnston 
estate still feeling it incumbent upon them to prevent the disposal 
of the collection by sale, filed a suit on February 7, 1905, in the su- 
preme court of the District of Columbia, asking a construction of 
certain doubtful clauses in the testament. By direction of the 
President, the Attorney-General, on behalf of the United States, on 
February 10, 1905, entered its appearance in the suit, claiming an 
interest in the matter. 

It is understood that all the legatees under the will agreed to the con- 
tention of the Government except the Harriet Lane Home, of Balti- 
more, founded by Mrs. Johnston, which had an interest in the 
residuary estate, and which, from a sense of obligation to a public 
charity, deemed a judicial decision nece.-,saiw, although some of the 
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trustees of the Home were in favor of having the objects kept to- 
gether as a perpetual memorial to their deceased relative and friend. 
On October 23, 1905, the Government filed its full answer to the bill 
of the Harriet Lane Home and its further petition that the United 
States be declared to have established a National Art Gallery at and 
in connection with the Smithsonian Institution. Testimony was sub- 
mitted on the ]3art of the Institution before an examiner on June 8, 
1906. The decision was favorable to the Institution, and the decree of 
the court is of exceptional importance, since it definitely establishes 
the fact that the collection of art contemplated in the fundamental 
act is the National Gallery of xVrt within the meaning and intent of 
the law. 

The full text of the decree is as follows: 

In the SuWiEME CoUKT OF THE DISTRICT OF COLUMBIA. 

D. K. Este Fisher, and oriiEiis, Executors and 
Trustees umlor the Lust Will and Testaiueiit of 

lliiri'ict Lane .Tolinston, deceased, 

,j. Eijiiity, No, 2.!>,1(:0. Doc. 

Harriet Lane Home for Invalid Chiluke.n of P.Ai.n- 
more City, and otliers. 

This cause coming on for hearing In respect to the subject matters set forth 
in the Thirteenth Paragraph of the BUI of Complaint; the allegations of the said 
paragraph, the Answers thereto of the several Defendants, the provisions of the 
Last tVill and Testament and of the several codicils thereto of the Testatrix, 
Harriet Lane Johnston, and the testimony taken on behalf of the United States 
of America in support of its answer to the allegations of the said thirteenth 
paragraph of tlie Bill of Complaint, having been by the Court, (after argument 
of counsel for the United Stales of America and for the Defendant the Harriet 
Lane Home for Invalid Children of Baltimore City, the residuary legatee and 
devisee n.amed in the said Last Will and Testament of the said Testatrix) fully 
considered. 

It Is, therefore, on this eleventli day of July, in the year 1900. by the 
Supreme Court of the District of Columbia, sitting in Equity, and by the 
.iiithoi'ity thereof, adjudged, ordered and decreed. 

That there has been est.ibli'-hed 1-y the United States of America in the City 
of Washington a National Art G.iller.v, within the scope and meaning of that 
part of the codicil bearing date April 21, 10u2, made by the said Harriet Lane 
Julmston to her Last W'ill and Testament, in the jiroceedings in tliis case men- 
tioned, wherein she gave and I egueathed the pictures, miniatures and otlicr 
articles, to the Trustees of tlie Corcoran Gallery of Art. and In the event of 
tlie Government establishing in the City of Washington a National Art Gallery, 
then that the said pictures and other articles above mentioned should be de- 
livered to the said National Art Gallery and become its property ; and that the 
said Naiioual Art Gallery is the National Art G.iiiery estahlisliod by the United 
States of America at, an'l in connection with, the Smithsonian Institution located 
in the District of Columbia and described in tlie Act of Congress entitled an Act 
to establish the ” Smithsonian Institution ” for the Increase and Diffusion of 
SM 1906 3 
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Knowledge among men, approved August 10, 1846,9 Stat. L. 103, (Title LXXIII, 
Section 5579 R. S. U. S.) and the subsequent Acts of Congress amendatory 
thereof ; and it is further adjudged, ordered and decreed, that the United States 
of America is entitied to demand and receive from the surviving Executors of 
the said Harriet Lane Johnston, the Complainants named in the Bill of Com- 
plaint in this case, ali of the above mentioned pictures, artieies of scuipture, 
engravings, miniatures and other articles, the same to be and become a part 
of the said National Art Gallery so established by the United States of America 
at, and in connection with, the said Smithsonian Institution. 

And whereas, the said Testatrix, Harriet Lane Johnston, in bequeath- 
ing the said pictures and other articles to the Trustees of the Corcoran 
Gallery of Art, in and by the codicil hereinbefore mentioned to her said 
Wiii, made it a condition of the said bequest that the said artieies shouid 
be kept together in a room provided for the purpose, and to be designated 
as the “ Harriet Lane Johnston Collection ; ” and whereas it is apparent 
that it was the design of the said Testatrix if the said pictures and other 
artieies bequeathed in connection with the same shouid belong to, and become 
a part of the National Art Gallery established in the City of Washington 
by the United States of America, that the above mentioned provision for 
the keeping together in a room all of the said articles so bequeathed, and 
that the same should be designated as the “ Harriet Lane Johnston Collec- 
tion ” (prescribed as the condition upon which the same should become the 
property of the Trustees of the Corcoran Gallery of .\rtl should lie the 
condition upon which they should become part of the National Art Gallery 
established by the United States of America, 

Now therefore, it is further adjudged, ordered and decreed, as a condition 
upon which the title of the United States of America shall be acquired in the 
said pictures and other articles hereinbefore mentioned, that the same shall 
all be kept, so as to form one distinct collection, in one hall or room in 
one of the buildings of the Smithsonian Institution, the several classes of 
the said articles being arranged and located in said hall or room according 
to the best judgment of the Secretary of the Smithsonian Institution ; and 
that in an appropriate, prominent and permanent way, the said Collection 
shall be designated and declared to be the “ Harriet Lane .Johnston Collect imi.” 

And it is further adjudged, ordered and decreed, that the costs of the pro- 
ceedings in this case in connection with this decree shall be paid by the com- 
plainants as Executors of Harriet Lane .Johnston, deceased. 

Wendell P. Stafford, Justice. 

As a result of this decree the Harriet Lane Johnston collection was 
delivered to the Institution on August 3, 1906. It consists of 31 
pieces and comiirises. he-ides works of art. several interesting histor- 
ical objects. Among the paintings are a number by well-known 
masters, whose productions are now difficult if not impossible to 
obtain. The list is as follows: Painting, Madonna and Child, by 
Bernardino Luini; painting. Madonna and Child, after Correggio; 
portrait of Lady Essex as Juliet, by Sir Thomas Lawrence; portrait 
of Miss Kirkpatrick, by George Romney; portrait of Mr^. Abington, 
by John Iloppiier; portrait of jMrs. Hammond, by Sir Josluia 
Reynolds; portrait of Miss Murray, by Sir IVilliam Beechey; paint- 
ing, d'he Valley Farm, by John Constable; portrait of the Prince of 
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Wales (King Edward VII) at the time of his visit to the United 
States, by Sir John Watson Gordon; portrait of Josepha Boegart, 
by Francis Pourbons, the younger; portrait of Madam Tulp, by 
Janssens; painting, a street scene in India, by E. L. Weeks; paint- 
ing, “Independence," by Meyer; a valuable small Eornan mosaic; 
an old engraving of John Hampden; painting. President Buchanan 
and the Prince of Wales (King Edward VII) with his stiite, the 
Cabinet, and others, at the tomb of Washington, Mount Vernon, by 
Thomas Eossiter; j^ortr^dt of President Buchanan, by Eichholtz; 
miniature of President Buchanan, by Henry Brown; marble bust 
of President Buchanan, by Dexter; marble bust of Mr. Johnston, by 
Ehinehart; portrait of James Buchanan Johnston, by Harper Pen- 
nington; marble Cupid, the likeness of Henry E. Johnston when 2 
years old, by Ehinehart; the first message sent over the Atlantic 
cable, from Queen Victoria to President Buchanan, and the reply by 
the latter; silver medal commemorative of the marriage of Victoria, 
Princess Eoyal of England, to Frederick William, Crown Prince of 
Germany, with a letter of transmittal from H. E. H. Albert, Prince 
Consort, to President Buchanan; letter to President Buchanan from 
the Ih’inco of IV ales (King Edward VII), transmitting his portrait; 
two autograph letter^ from Queen Victoria to President Buchanan, 
relating to the visit of the Prince of Wales to the United States, 
dated June 22 and Xovember 19, 18G0; photograph of Queen Vic- 
toria, with autograph signature and date “ 1898,” presented by the 
Queen to Mrs. Johnston; gavel used at the Cincinnati convention, 
June, 1856, at which Buchanan was nominated for the Presidency; 
Billie on which Budianau took the oath of office as President, March 
1, 185 1 • 

XATIONAL MUSEIBI. 

The Xational Museum is carrying on its operations as elTectively as 
possible, though two ob-tacles have for many years stood in the way 
of perfecting its condition — lack of space and an insufficient staff. 
The first of these will soon be removed, and it is hoped that action 
on the other will not long be delayed. 

The granite structure now being erected will be monumental in 
character and cover a larger area than any other Government build- 
ing in the city except the Caiiitol. Its four stories will contain 
nearly 10 acres of floor siiace. wliich has been laid out to meet the 
several requirements of exhibition, storage, and W'orkrooms. Two 
years have elapsed since the ground was broken, and in view' of cer- 
tain unavoidable delays another like period will probably be con- 
sumed in its completion, but this length of time can not be regarded 
as exces,-i\e, considering the massive character of the building and 
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the superior quality of the materials and workmanship which enter 
into its construction. 

The rapid growth of the national collections is only what was to be 
expected in a country so extensive and of such exceeding wealth of 
resources in its natural products, in its aborigines, and in the activi- 
ties of its civilization. The illustration of all of these fields was 
contemplated in the original plan of organization, and contributions 
relating to them all have been pouring in for more than fifty years. 

The Museum has never had an adequate amount of space at any 
period in its history, not even when it began to occupy its present 
brick building, since collections of sufficient extent to fill it were 
already on hand. The accumulation of material has gone on still 
more rapidly in recent years, taxing to the utmost the energies of the 
-mall staff to insure its preservation. The public halls are conse- 
quently more utilized for storage than for exhibition, and visitors 
find it difficult to circulate among the cases. The laboratories offer 
scant space for the examination of specimens, and several rented 
buildings are completely filled with collections of great value. 

The acquisitions of the past year have amounted to over a quarter 
of a million specimens, pertaining to practically all of tlie subjects 
comprised in the museum classification. They were derived from a 
great variety of sources and largely by transfer from the Govern- 
ment surveys. The number of private donations and exchanges was 
very large, and one of the former was of unusual extent and value. 
It consisted of a collection of 75,000 specimens of Lepidoptera from 
North and South America, including many types and rare species, 
assembled by Mr. William Schaus and by him generously prt'-ented 
to the National Museum. 

In connection with the work of classifying the collection- the 
assistants and collaborators have made many important contribu- 
tions to science, and the several publications of the year in which 
these were printed are fully up to the standard so long maintained. 
From the duplicates recently separated from the reserve collections 
nearly 20,000 specimens, made up into about 2R0 sets, were distributed 
to schools and colleges in the interest of education. 

BIIPvEAU OF AMERICAN ETHNOLOGY. 

The field investigations by the Bureau of American Ethnoloirv 
related to the Indians of Oregon, Colorado. New Mexico. Indian 
Territory. Oklahoma, Pennsylvania, and Florida, but were not as 
extensive as usual because of the amount of work re<|uiiv<l to he done 
at the office in Washington. The preparation of maniisciipt and 
reading of proofs for the Handbook of the Indians occui)ied the 
attention of most of the membeis of the staff and of several experts 
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connocted with other establishments for shorter or longer pei’iods 
throughout the year. This large work, which has often been referred 
to in past reports, will be practically a resume of all that is known 
regarding the aborigines of the United States, based upon informa- 
tion from every possible source, including the unpublished records of 
the Bureau. 

The matter is arranged alphabetically for convenience of refer- 
ence. and the two octavo volumes of which it will consist will be pro- 
fusely illustrated. From the point of view of general interest it 
will be the most important publication which the Bureau has issued. 
The correcting of the proofs of the first volume was nearing comple- 
tion at the close of the year. 

Considerable progress was also made on the Handbook of Indian 
Languages, the main part of which will consist of sketches of sixteen 
American languages, and reports and bulletins relating to a num- 
ber of other subjects were completed or in course of preparation. 

With a view to assisting the Departments of the Government hav- 
ing custody of the public domain in the preservation of American 
antiquities, under the provisions of the act of Congress approved 
June 8, 1906. the Bureau has been active in compiling a card cata- 
logue of archeological sites, especially the ruined pueblos and cliff 
dwellings, and has made good progress in the preparation of a series 
of bulletins giving information concerning these antiquities, 

IXTERXATTOXAL EXCHAXGES. 

The International Exchange Service, initiated by the Smithsonian 
Institution in the early years of its existence, for the interchange 
of scientific publications between learned societies and individuals 
in the United States and those of foreign countries, and later desig- 
nated by the United States Government as the agency for the 
transmission of sets of official documents to selected depositories 
throughout the world, has effectually discharged the commissions 
intrusted to it. Of the maximum limit of 100 copies of all Gov- 
ernment publications, authorized by law to be distributed under 
the directio]! of the Library of Congress, from time to time, to 
important governmental libraries in European and other countries, 
80 complete or partial sets have now been assigned and are being 
transmitted by the exchange service to their respective destinations. 
Additional public documents, issued from month to month, are 
forwarded promply to the various depositories. 

The Institution has continued its endeavor, through the proper 
channels, to secure the fullest cooperation on the part of all civilized 
governments in reciprocally receiving and distributing within their 
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own borders transmissions from the United States and in dispatch- 
ing to this country similar sendings from its own scientilic and 
educational institutions and citizens. Some important changes in 
connection with the details of this service have been made during 
the year, which have resulted in greater dispatch and efficiency. 

Steps have recently been taken through which it is hoped that the 
British Government may establish a bureau of its own, thus relieving 
the Smithsonian Institution from maintaining a special agency in 
London for the receipt and distribution of exchanges with Great 
Britain. 

It is gratifying to state that through the efforts of the Hon. W. W. 
Rockhill, American minister at Peking, the long-pending exchange 
negotiations with China have been brought to a successful conclu- 
sion, the Shanghai bureau of foreign affairs having been designated 
as the representative of the Chinese Government in this matter. 
Efforts are being made to resume exchange relations with Korea, the 
transmissions to that country having been carried on heretofore 
through the courtesy of the Russian commission of international 
exchanges at St. Petersburg, 

Through the offices of the Department of State and of the Ameri- 
can minister at Rome, the exchange service between Italy and the 
United States has been placed upon a more efficient basis. The 
government of Lourenco ilarquez has been added to the countries to 
receive full sets of official documents, in exchange for which the 
authorities of Portuguese East Africa are to send to the United 
States not only the publications of Lourenco Marquez, but also those 
of the province of ^lozambique and of different chartered companies. 

The total weight of packages handled by the International 
E.xchanges for the year was 471,550 pounds, and the number of cor- 
respondents throughout the world has reached 56,414, an increase of 
4,434 over the preceding year. 

I record with regret the death on June 23, 1906, of Dr. Joseph 
von Korosy, who had served as exchange agent of the Institution at 
Budapest, Hungary, since 1807. He was the first agent of the In- 
stitution for that country, and had taken special interest in the 
work, materially increasing the number of packages received from 
correspondents in Hungary. Mr. Julius Pikler was ai^pointed, tem- 
porarily, to succeed him. 

Owing to the death of Dr. Paul Leverkiihn, director of the scien- 
tific institutions and library of His Royal Highness the Prince of 
Bulgaria, the tran‘^mission of exchanges to that country has been 
temporarily suspended, but it is expected that it will soon be 
resumed. 
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NATIONAL ZOOLOGICAL PAEK. 

In administering the affairs of the National Zoological Park, the 
purposes defined by Congress in the act of organization, namely, 
the advancement of science and the instruction and recreation of 
the people, have been kept constantly in view, though on account 
of insufficient funds it has been impossible to promote these aims 
to the extent desired. It is hoped that this condition will be rec- 
tified in the near future, but that the park is already an assured 
success and that its objects are well appreciated is evidenced by 
the large number of visitors, which, during the past year, exceeded 
lialf a million. 

Extreme care has been taken to preserve its very picturesque 
natural features, and forming, as it does, an essential part of the 
extensive parking system of the Eock Creek Valley, the mainte- 
nance of its driveways and paths has been the subject of constant 
attention. 

The inadequacy of the appropriations for the proper equipment 
of the park has made it necessary to exercise an unwise economy in 
the construction of its buildings and other shelters, the majority 
of which are of a cheap and temporary character, and sooner or later 
must be replaced. The large building lately planned on a substan- 
tial and permanent basis has now been in course of erection during 
three years, since only small annual allotments could be assigned to 
the purpose, and its completion must await the appropriation for 
1907. 

Among the pressing needs is a small building, with outlying yards, 
which can be used as a hospital and quarantine for sick animals and 
also serve as a pathological and anatomical laboratory, in partial 
furtherance of the primary object of the park — the advancement of 
science. It is hoped that funds can be spared to begin upon this 
structure, the importance of which is very great, during the enduing 
\'ear. 

The economy of establishing a central heating plant has long been 
recognized, but this feature has also been delayed for the reasons 
already stated. A beginning was made, however, during the past 
year, the boilers being j^laced in an extension of the temporary work- 
shop and connections made with the three nearest buildings. 

Congress has recently authorized the construction of streets at 
short distances from the western and southea-tern boundaries of 
the park, and it seems especially desirable that the intervening strijjs 
of land be purchased for addition to the park. On one side the 
projected street close to the edge of a steep slope within the park. 
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while Oil the other the back yards of houses would extend to the 
park fence. The streets in question would form more apiiropriate 
boundaries than now exist in those directions, and the acquirenient 
of the land would help to preserve the natural beauties of the park. 

The number of animals in the park at the close of the year was 
1,272, of which 509 were mammals. 613 birds, and 130 reptiles. 

It is gratifying to reeoi-d the continued cooperation of the Depart- 
ment of State, through its repre-^entatives abroad, in the acquisi- 
tion by gift or exchange of a number of rare animals from various 
parts of the world. 

ASTEOPH YSTCAL OPS E RVATOE Y, 

This Observatori' was e.stablished at the instance of the late Sec- 
retary Langley, who acted as its Director, and was intended to 
render possible the continuation of the epoch-making researches 
which he initiated at Allegheny while in charge of the observatory 
there. Mr. C. G. Abbot, his principal as-istant for a number of 
years, has been designated temporarily as acting director. 

The buildings of the Observatory, though of a temporary char- 
acter, have been kept in good repair, and the inclosnre surrounding 
them has been enlarged to meet additional requirements of space. 
As a measure of protection, a small fireproof slieller has been 
erected in the northeast corner of the inclosure to contain the storage 
batteries and an alternating current generator and to serve as a 
distributing center for the electrical currents used in the Observatory. 
Continued attention has been given to the improvement of the aju 
paratus, with the olqect of adapting it more cflectually to the 
researches which are prosecuted and of increa>ing iis delicacy and 
precision. 

The investigations of the Ob-ervatory have been conducted along 
lines of definite research, and much important information relating 
to solar radiation and to the tran-parency of the earth's atmosphere 
and the sun’s envelope has been collected. During the pa.st year, as 
for some time previously, the work has bc'en steadily directed with 
the aim of securing data in regard to the suspected variability of 
the sun. As explained in the last report, arrangements were made 
in the spring of 1005 to secure series of observations at a high alti- 
tude under superior atiiio.-^pheric conditions, the work being also 
continued at Washington during the same period. This was rendered 
possible through the courtesy of the Carnegie Tn-titution and the 
invitation of Prof. George E. Hale, director of its newly establislied 
observatory for solar re.'^earch on Mount AVilson, in southern Cali- 
fornia. 
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The Sinithsoiiian jiarty, in charge of Mr. C. G. Abbot, and 
equipped with the neceb^ary apjiaratus, reached Mount Wilson in 
May and remained there until the latter part of October, 1905. The 
weather conditions remained excellent throughout most of the season, 
pennitting the work to go on uninterruptedly. Again, in May, 1906, 
Mr. Abbot returned to Mount Wilson, where his observations are 
expected to continue over a somewhat longer period. 

Sufficient material has been assembled since the publication of the 
first volume of the Annals of the Astrophysical Observatory to war- 
rant the issuing of a second volume, the preparation of which is now 
in progress. 

Respectfully submitted. 

Richard Rathbun, 

Acting Seci'ctarg of the Shiithsouiciti, 1 nstitution. 
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Appjinoix I. 

REPORT ON THE UNITED STATES NA TIONAL MUSEUM. 

The subject of greatest interest continues to be the construction of the new 
Museum building, for winch the ground uas tiroken in June, 1904. The failure 
of certain of the quarries to supply granite as rapidly as was expected has 
caused delay in the erection of tile outer walls, but otherwise good progress 
has been made, and at the close of the year the b,asemen1)»walls. as well as the 
heavy steel framework and brick arches for the main iloor. were apiiroadiing 
completion. 

Until the new building is ready for occupancy the national collections must 
continue to become more crowded each yeaic but the interval is now too short 
to occasion much concern regarding their safety. The .staff could, however, be 
increased to some extent with great advantage at this time, especially in view 
of the many preparations essential to the transfer of colle<-tions, and the impor- 
tance of placing the salaries of employees on the same basis as in the Executive 
Departments can not be too strongly empha sized. 

The roofs on the present Museum building i-emain in ns serious a condition 
as ever, notwitlistandiug tlie o.xtensive repairs made and tlie constant oversiglit 
to which they have been subjected. Every expedient tlins far applied has 
failed to accomplish its purpose, and in all heavy rains th(> leaks still prevail to 
an alarming degree. Driven tlius to drastic measures plans were drawn up 
and partial contracts entered upon before the close of the year, whereby all the 
present main roofs will tie removed and replaced by metal roofs of the best 
quality, without the necessity of greatly disturbing the contents of the exhilii- 
tion halls below. Under the current rate of appropriation for building repairs 
the work will have to be extended over two or three years, hut in tlie end tin' 
covering of the building will be in even better condition than when it was 
first put on. 

While the building is constructed eutiroiy of fireproof materials, yet its con- 
tents, now much crowded, are to a barge extent ■.•ondiustilile. The dividing walls 
between the difi’erent halls, courts, and r.iiigos are, moreover, iiierred with 
large openings reaching nearly to the roof, wliicti makes of the building iiracti- 
cally one large room over 2 acres in extent. Althmigli every known precaution 
for tlie detection and extinguishing of a fire has heoii introduced, still it lias 
been deemed prudent to isolate the several halls by filling in tlie ojioiiiiigs with 
firejiroof material, and some progress lu this direction had been made before 
the end of the year. 

With such exceptions as have been mentioned the Museum was never in so 
good a condition as it is to-day. Improveiiients are to he noted in llie exhibition 
balls, in the reserve storage, and in the lalioratories and otlices. It is the 
overcrowding and the nei’essity of trusiiiig to outside storage for the keeping of 
valuable collections which now gites the most concern. 
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ACCESSIONS. 

The number of specimens added to the collections was over a quarter of a 
million, divided among subjects under the three departments of the Museum 
about as follows: Anthropologj', S.OOO; biology, 227.000; geology, 21.000. 

The most valuable single contribution, and one of the largest ever received 
by the Department of Biology, was the gift from Mr. William Schaus of his 
collection of North and South American lepidoptera. containing 73,000 specimens 
and a very large number of types and rare species. Dr. W. L. Abbott, who is 
still continuing his systematic investigations in the Malaysian region, presented, 
as usual, the entire results of his year’s field work, comprising a very large 
amount of important material chiefly from Engano and Nias islands. West 
Borneo, and western Sumatra. The subjects mainly represented are ethnology, 
physical anthropology, mammals, and other vertebrate animals. From little- 
known localities In the southwestern part of the United State.s, especially tlie 
Territories of Arizona and New Mexico, coiectious in ethnology and archeologi’ 
to the extent of several thousand specimens were obtained through explora- 
tions by Dr. Walter Hough, of the Museum staff, in conjunction with Mr. P. G. 
Gates, of Pasadena, California, and by members of the Bureau of American Eth- 
nolog}’. Many additions were made to the Philippine collection of etlmology 
secured at the Louisiana Purchase Exposition, aud important specimens in 
archeology were received from Jai>an, France, Algeria, South America, aud 
Mexico. 

The Museum has been for some time assembling a coinproliensive collection 
of small arms, with the aid and cooperation of the Departments of War and 
of the Navy. Appreciating the interest taken here in tliis subject, the 
United States Cartridge Company, of Lowell, Massachusetts, has most gener- 
ously deposited its splendid series of 509 pieces, the finest and most complete 
collection of its kind in the United States. Beginning with the common 
bow and crossbow, all typical features in the mechanical development of 
devices for throwing projectiles are represented, down to the most perfect 
gun and pistol of modern times. The display cases in wliich tlie.se iniplenients 
are shown. 08 in number, were supplied by the conqiany, and are excellently 
well adapted for the purpose. To the collection of aeroplanes hai'e tieeii 
added originals of the Lilienthal and Hargrave Hying niacliines, and several 
models used by Mr. Octave Chanute in his experiments on this subject. 

The collection of glassware has been greatly enriched by a gift from the 
Libby Glass Company of many pieces and tools illustrating the entire process 
of making cut glass, from the raw material to the finished article, the latter 
comprising exquisite examples of their workmanship. In pottery, also, luaiiy 
fine pieces of domestic manufacture and decoration were obtained througti 
the members of the American Potters’ Association. 

An especially notable addition to the division of historic religions is a 
Tibetan manuscript, presented by the British Indian government. It is a 
treatise on Tibetan Buddhistic theology or metapliysics. written in gold 
characters on the black ground of 3C6 cardboards between covers of lacquered 
wood. The acquisitions in history have been numerous and important, and 
some of great intrinsic value. They illustrate many interesting subjects 
both of warfare and of domestic life. 

A finely executed bust of the late Walter Reed, major and surgeon. United 
States Army, and chief of the Government commission which determined 
the relations of the mosquito to the transmission of yellow fever, has Iiccn 
deposited by the Walter Reed Memorial Association, aud given a conspicuous 
place In the main Museum halL 
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An exceptionally large quantity of fishes and marine Invertebrates, chiefly 
representing explorations at the Hawaiian Islands, the Philippine Islands, 
and Japan, and on the northwest coast of America, were received from the 
United States Bureau of Fisheries. Aluch of the material was still unstudied, 
but among the fishes were the types of 143 recently described species. Mr. 
Robert Ridgnay. who spent part of the year in Costa Rica, returned with 
over 1,800 specimens of interesting birds, of which more than one-third was 
donated by the National Museum of that country. Specimens of the same 
group from the Philippines and Guam were presented by Dr. B. A. Mearns. 

Important collections of reptiles and batrachians were received from Japan 
and the Philippines ; of fishes from Mexico, through the Field Museum of Nat- 
ural History ; of marine invertebrates from Hawaii, Japan, Burma, South 
Africa, and South America, and of insects from Texas, Central America, 
Guatemala, the West Indies, and Japan, chiefly through the Department of Agri- 
culture. Dr. J. N. Rose brought back from his explorations in Mexico a large 
collection of plants, especially rich in cacti, and many specimens from different 
parts of the Tbiitod States were transmitted by the Department of Agriculture. 

'I’ho Department of Geolog.v was chiefly enriched through transfers from the 
United States Geological Survey, of specimens of rocks, minerals, and fossils. 
The rocks illustrated detailed surveys in several regions. The fossils included 
many described species and figured specimens from the Miocene, Upper Cre- 
taceous. Ordovician, Devonian, and Silurian. Especially noteworthy were sev- 
eral thousand Mesozoic plants, which had been worked up and described by 
Ward, Fontaine. Bibbeii, and Wieland. Two thousand Russian Ordovician 
bryoza were received as a gift from Dr. A. von Mickwitz, of St. Petersburg, and 
several hundred examples of fo.ssil woods and plants from the Permo-Carbon- 
iferous of Sao I’aulo and Santa Cathiiriiia, Brazil, were pre.sented by Mr. I, C. 
White. 

Exri.O!:.\T]oxs. 

The Museum depends chiefly for its scientific collections upon the explorations 
of the various Government bureaus and of private individuals, having scant 
means to expend in this direction. The principal field work by members of the 
Museum staff was conducted by Doctor Hough in Arizona and New Mexico, 
Doctor Hrdlieka in Florida, Mr. Ridgway in Costa Rica, Doctor True in Mary- 
land, Doctor Rose in Mexico, and Doctor Bassler in the southern Appalachians, 
Virginia, and the Missis.-^ippi Valley. 

CAKE AND CLASSiriC.AllO.X OF THE C0LI,ECT10NS. 

The first duty devolving upon the Museum staff is the care and preservation 
of the collections, all of which has been conscientiously performed and with as 
satisfactory results as Is possible in the present crowded condition of the rooms. 
In fact, much improvement is to be noted for the year in the closer segregation 
of some parts of the reserve series, but with the effect of changing the Museum 
halls more and more into the condition of storerooms. 

Notable progress has been made in the classification of collections, their 
labeling, cataloguing, and scientific arrangement, resulting in many important 
contributions to knowledge. The preparation by members of the Museum staff 
of articles for the Handbook of the Indians, soon to be issued by the Bureau 
of American Etimology, necessitated extensive investigations ba.sed upon the 
colleclions in antln-eiiologv, and much was accomplished toward working up 
the rich ethnological material recently acquired from Malaysia, Arizona, and 
New Mexico. 
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In zoolosy the mamiiuils sent from Malaysia by Doctor Abbott were the sub- 
ject of much attention, the manuscript for the fourth volume of Kidgway's 
Fiirds of North and Middle America was brought nearly to completion, and 
a. large work on the herpetology of Japan was lluished. Extensive studies 
were made on the large collections of tishes from J;ipan, the Philippine Islands, 
the Amazon Ili\ er, and the deeper waters of the Pacific Ocean. Contributions 
were prepared on several families and faunal collections of mollii.sks, on the 
higher Crustacea from Hawaii, the fresh-water crabs from different parts of 
the world, the isopod crustaceans of the North American coasts, and the corals 
from several localities. The soundings made by the U. S. S. ATro in the course 
of its cable surveys in the Pacific Ocean were the subject of a careful study and 
an instructive rewrt. The researches completed in the division of insects are 
represented by 33 separate papers. 

The investigations in geology have related mainly to the description of 
meteorites and of their structure and composition. Several imi)urtant contribu- 
tions in iialeontology on both vertebrates and invertebrates wore submitted. 

ixiumriox ((ii.Ltcrto.xs. 

The entire renovation and rearrangement of the collections of prehistoric 
archeology, with some additions, have made it possible to reopen the large 
upper hall in the Smithsonian building h.ng devoted to this subject. The trans- 
fer to storage of some of the older collections in the Museum building has 
afforded the opportunity of presenting to the public some of the more recent 
and intere.sting acquisitions in ethnology. Otherwise but few' changes were 
made in the exhibition collections iieyond [iroviding for the lai'ger and more 
important extiilnts returned from the Loni.'-iana I’lin liase and the Lewis and 
t.'lark exiiositious. 

MISCLLL.VNLOUS. 

Of duplicate specimens recently .separated from the reserve collections, 
over 19,000 were distributed in 261 sets to educational establishments, and 
IT.oOO were used in exchanges, from which valuable returns have been 
received. The number of specimens sent to specialists for study, to be 
returned again to the Museum, was nearly 20.000. 

The publications issued during the year oomprised the annual report of 
the Museum for lOOd : volumes 2S, 29. and 30 of the Proceedings, the first 
mentioned having been nearly completed the previous year ; bulletins num- 
bered 54 and 55, the former on the isopod crustaceans of North America, the 
latter on the oceanography of the I’acific Ocean ; and part 1 of Volume X of 
the Contributions from the National Ilerhariiim, The number of publica- 
tions distributed, including full volumes amt separate papers, was approxi- 
mately 103.060. 

The library of the Museum received J.-l-jO books and 5,432 pamphlets and 
periodicals, increasing the total contents of the library to 27,726 volumes and 
44.075 iiiibouud paper.s. 

At the Lewis and Clark Exposition, in which the Institution and its several 
liureans participated, the Museum collection consisted almost entirely of 
objects selected from the exhibits at the Louisiana Purchase Exposition, only 
a few additions being nuule tliereto. 

UlCHAKl) Rathbun. 

Assistant iiccu^tai y in chuiye of National Musvum. 



APPENDIX IT. 

REPORT ON THE BUltEAU OP AMERICAN ETHNOLOGY. 

SiK : I have the honor to ;5Ul)mit the following report on the operations ot 
the Bureau of American Ethnology for the fiscal j-ear ending .June SO, 190H . 

Researches among the Indian tribes were conducted in accordance with the 
plan of operations approved by the Secretary June 5, 190.5; these include 
investigations among the aborigines of Oregon. Colorado, New Mexico, Indian 
Territory, Oklahoma, Penn.sylvania, and Florida, and, more especially, re- 
searches in the office of the Bureau and in variou.s museums and libraries 
throughout the country. The scieiitilic staff remains the same as during the 
previous year with the single except ion that Mr. F. W. Hodge was transferred 
from the Secretary's office of the Smithsouiau Institution to the Bureau, with 
the title of ethnologist — a step which permits him to devote his entire time to 
the completion of the Handbook of the Indians. 

Aside from his administr.ative duties, file chief was oci’ui>ied with the com- 
pletion and revision of material for the Handbook of the Indians and in the 
pri'[iaration of a monographic work on tile technology and art of the tribes. 
He also coutiuued his duties ;is honorary curator of the division of prehistoric 
archeology in the National Museum. 

Mrs. M. 0. Stevenson was engaged during the early months of the fiscal 
year in reading the final proofs of her monograiih on the Zuui Indians, which 
issued from the press in Deceiulier. In January she again entered the field, 
having selected the pueblo of Taos, New Mexico, as a suitable place for the 
continuation of her reseurche.s. In initiating her work in this pueblo Mrs. 
Stevenson encountered many difficulties and her progress was at first slow : 
but later, owing largely to the very courteous cooperation of the Commissioner 
of Indian Affairs, her study of the history, language, and customs of the trilie 
was facilitated, and was progressing favorably at the close of the ye.ir. 

During the early part of the year Mr. Janies Mooney was chiefly occupied. 
In collaboration with other members of the Bureau, with the Handbook of the 
Indians, which work was continued at intervals after he took the field. On 
September 19, 1905, be left lYaslnngton for western Oklahoma to continue 
researches among the Kiowa. Southern (Tieyonne, and allied tribes, partly in 
fulfillment of the joint arrangement between the Bureau and the Field Museum 
of Natural History. His stay while with the Kiowa was chiefly at the agency 
at Anadarko, Oklahoma. Among the (fheyeniie he made headquarters at Can- 
tomuent, Oklahoma, the central settlement of the most conservative element of 
the tribe. Mr. Mooney returned to tVashington about the end of April, and 
resumed work on his report, giving iinnTi attention also to the Handbook of the 
Indians. 

Dr. .T. 'Walter Fewkes c-omphTcd during the year his report on the aborigines 
of Porto Rico and neigliboriiig mlands He also prepared an account of his 
researches in eastern Jlexii-o during llie winter of 1905~(>, condneted under 
a grant from the funds of the Smithsouiau Institution and an allotment from 
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the Bureau appropriation. These papers were assigned to the Twenty-fifth 
Annuai Report and were in type at the close of the year. Doctor Fewkes 
likewise made considerable i^rogress in the preparation of a bulletin on the 
antiquities of the Little Colorado I'alley, Arizona. 

During the year Dr. John R. Swanton completed and prepared for the press 
all of the Tlingit material, ethnological and mythological, collected by him 
during previous years ; and all of the ethnological, as well as a portion of the 
mythological material, has been accepted for introduction into the Twenty- 
sixth Annual Report. Doctor Swanton also interested himself particularly 
in the study of the linguistic stocks of Louisiana and southern Texas, manj- 
of these languages being either on the verge of extinction or already extinct ; 
he also has in course of preparation a grammar and dictionary and an ethno- 
logical sketch of the Natchez Indians, and has made the important discovery 
that this people did not form a distinct linguistic stock, as has been suppose.l, 
but formed a part of the great Muskhogean family. 

Jlr. J. N. B. Hewitt was engaged almo.st entirely in investigating and report- 
ing on etymologies of terms and names, and in elaborating and preparing 
important articles for the Handbook of the Indians, and also in reading proof 
of that important work conjointly with the other collaborators. 

During the year Dr. Cyrus Thomas was engaged almost continuously on the 
Handbook of the Indians, assisting in dual revision of the manuscript and in 
reading proof. During the first two or three months he assisted also in 
reading and correcting proofs of Bulletin 28, which treats of Jloxioan autiip 
ulties — a work for which his extensive researches re.garding the glyphie.s of 
middle America csiiecially fitted him. 

The manuscript of the body of the Handbook of the Indians was trans- 
mitted to the Public Printer early in July. In view of the fact that numerous 
tribal and general articles were preimred by specialist.s not connected directl.v 
with the Bureau, it was deemed advisable to submit complete galley proofs 
of the Handbook to each as received. While this involved considerable delay 
in the proof reading, the corrections and sugge.stions received showed the 
wisdom of the plan. By the close of the year all the material was in type 
through the letter N, and 544 pages of this, to the article " Heraldry,” had 
been finally printed. 

The work on the Handbook of Languages, in charge of Dr. Franz Boas, 
honorary phibjlogist of the Bureau, has i,een continued. 'I’lie several sketches 
of American languages — sixteen in number — which are to form the body of 
this work are now practically complete with the exception of those on the 
Eskimo and the Iroquois. Field work was conduted by Hr. Edward Sapir 
among the Yakima of Oregon and by Mr. Frank J. Siieck among the Yuchi in 
Indian Territory. 

Mr. Stewart Culin. curator of ethnology in the Brooklyn Institute .Museum, 
whose mointgraph on Indian Games forms the bulk of the Twenty-fourth 
Annual Report, was engaged during the year in reading the proofs of that 
volume ; but his absence in the field for a protracted period prevented its com- 
pletion. 

The movement for the enactment by Congress of a law for the preservation of 
American antiquities, which was inaugurated during previous years, was cam- 
tinued by various individuals and Institutions, and the perfected measure 
became a law in June. With the view of assi.stiug the departments of the Gov- 
ernment having charge of the public domain in the initiation of practical imsis- 
ures for the preservation of the antiquities of the Southwest, the Bureau has 
actively continued the compilation of a card catalogue of the archa>ol<igio;iI 
sites, especially the ruined pueblos and clifif dwellings, and during the year has 
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made much progress in the preparation of a series of bulletins to be deroted to 
the fuller presentation of all that is known regarding these antiquities. 

In promoting this work Mr. E. L. Hewett was commissioned to proceed to 
Xew Mexico for the purijose of making a survey of the ancient remains of the 
Jemez plateau region, a large jiart of which is now included in the Jemez 
Forest Reserve. A preliminary report on this work was submitted immediately 
on Mr. Hewett's return to Washington, and later a paper was prepared in the 
form of an illustrated descriptive catalogue of the antiquities, to be published 
as Bulletin ,‘12. In March Mr. Hewett was called on to represent the Bureau as 
a member of the Interior Department survey of certain boundary lines in 
southern Colorado, the prindiial object being to determine the relation of the 
more important ruins of the Mesa Verde region to the boundaries of the pro- 
posed Mesa A’erde park, a measure for the establishment of which was pending 
in Congress, tidiortly after the receipt of Mr. Hewett's report this measure 
became a law. \ leading object kept in view by .Mr. Hewett on this expedition 
was the collection of data for the compilation of a bulletin on the antiquities of 
the Mesa Verde region for the Bureau's bulletin series. 

In February Dr. Ales Hrdlicka, of the National Museum, was commissioned 
to ijroceed to Osprey, on Sarasota Baj’. Florida, for the purpose of examining 
several localities where fossil human bones, apparently indicating great age, 
have been discovered. The evidence obtained appears adverse to the theory of 
the groat antiquity of tlio remains, hut the observ.itions made by Doctor 
Hrdlicka and Dr. T. Waylund Vaughan, who accompanied him as a representa- 
tive of the Geological Survey, on the unusual activity of fossilizing agencies in 
tlu' luc.'ility are of e.xtreme interest. 

Dr. Walter Hough, of the National Museum, who has taken a prominent part 
in the investigation of the antiquities of the Southwest, has in preparation for 
the Bureau series a bulletin on the antiquities of the upper Gila Valley. 

During the year the following permits to conduct explorations on the public 
lands and reservations of the Southwest were granted by the departments on 
reconmiendation of the Bureau, tran.siuitted through the Secretary of the 
Smithsouian lustitutiou : 

(1) In September. IbOo. the Southwest Society of the Archieologieal Insti- 
tute of America applied for permission to c-onduct archeological explorations 
on ludian reservations and forest reserves in the Southwest, the work to begin 
in the spring of liiOi;. Later, periiiission to make a preliminary reconnois.sance 
during tlie latter part of BMC) was asked. Recommended by the Bureau; 
granted iiy Tlio ()ffi<'p of Indian Affairs and the Forest Service. 

(2i In .lannar.v, lOOd. llie request <>f tlie Bureau of American Ethnology 
for authority to jirosocute <‘tl)nological ro.searches iii New Mexico, particularly 
at Taos, was favorably acted upon b.v tbe Office of Indian Affairs. 

(3) In A|)ril, RH)i:. the American Museum of Natural History, through Dr. 
Clark Wissler, curator of anthroimlogy in tliat institution, requested permis- 
sion to conduct explorations on Indian reservations in soutliern California. 
Recommended bj' the Bureau : granted b.v the Indian Office. 

One application for a permit was denied, one was withdrawn, and one was 
peiiiling :it the close of the year. 

The collections of archeological and ethnological specimens made during the 
year are more limited than heretofore, owing to the reduced amount of field 
work imdertalu'ii. Tlie most important accession is the product of Mr. E. L. 
Hewett's expleratious among the ancient ruins of the .lemez plateau. Other 
collections worthy of note are those made b.v Mr. Mooney in Oklahoma and 
by Doctor Hrdlicka in Florida. All collections were transferred to the 
National Museum in accordance with law. 
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The study of the Indian delegations visiting Washington during the year was 
continued as heretofore. One hundred and forty-two portrait negatives uere 
made and measurements and casts were obtained in a number of cases. 

Mr. John P. Sanborn, jr., who was probationally appointed on Aprii 6, 1905. 
as editor and compiler, was permanently appointed October 6, but on October 
19 he was, at his own request, indefinitely furloughed. On February 16, 1906, 
Mr. Joseph G. Gurley was probationally appointed as editor through certifica- 
tion by the Civil Service Commission. The Twenty-fifth and Twenty-sixth 
Annual Reports and Bulletins 31 and 32 were read and prepared for the press, 
and proof reading of the Twenty-third and Twenty-fourih rei)orts, and of Bul- 
letins 30, 31, and 32 further occupied the attention of the editor, although Jlr. 
Hodge and the various eollaliorators on Bulletin 30 (the Handbook of the 
Indians) assumed the main burden of the reading of that work. 

The illustrations work, including jdietography. continued in charge of Mr. 
Delancey Gill, who was assisted, as heretofore, by Mr. 11. Walther. The num- 
ber of illustrations prepared for the reports was 852. and the whole numlcer 
transmitted to the printer was 1,023. 

During the year the Twenty-fiftli and Twenty -sixth Annu.il Reports were sub- 
mitted to the Secretary and the Tsventy-lifth was transmitted to the Public 
Printer, the Twenty-sixth being retained in the Bureau pending the completion 
of the two next preceding volumes. Bulletin 30, submitted at the beginning 
of the year, is in [iress, and Bulletin 32 is in the liiiidery. while Bulletin 31 
was transmitted to the printer toward the close of the year. Tlie distrilaition 
of publications was continuod as in former years. Bulletin 28 was published 
in October, and Bulletin 29 and the Twenty-third Annual Report in December. 

The library remained in charge of Miss Ella Deary, whi. coinpioted the work 
of accessioning and cataloguing tlie books, p.implilcts. and poricdicals np to 
date. Owing to the crowded condition of the library, about COO publications, 
chiefly periodicals, received by gift or through e.vchauge, but not pertaining to 
tlie work of the Biire.iu, were transferred to the library of the Xational Mu- 
seum. During tlie year there were received and recorded 306 volumes, 900 
pamphlets, and the current is.suos of upward of 500 periodicals. One hundred 
and fifty volumes were hound at the Government Printing Office. The library 
now contains 12.S5S liound volumes, O.OJO pamtiliiets, and a large iiinnljer of 
periodic.als which relate to antliropology and kindred topics. 

The clerical force of the Bureau consists of five regular employees: Mr. J. B. 
Clayton, head clerk; iliss Emilie R. Sinedes and Miss Maj- S. Clark, stenog- 
raphers; Mi>s Ella Leary, clerk and acting librarian, and Mrs. Frances S. 
Nichols, typewriter. During the year Mr. IVilliam P. Bartel, messenger, was 
promoted to a clerkship and subsequently transferred to the Interstate Com- 
merce Commission. 

The property of the Bureau is comprised in seven classes : Office furniture 
and appliances: field outfits; linguistic and ethnological maniisoripts and other 
doriimonts : pliotogiaphs. drawings, paintings, and engravings; a uoi-kiug 
library: collections held temporarily by eollai'oralors for use in rosearcli. ami 
tbe undistributed residue of the editions of Bure.iu pahlieations. 

Ive.sper-tfnlly submitted. 

W. H. Holmes, Chief. 

Mr. Rich.u!!) R.VTiiia x. 

Acliny Hecicluiy of ilie Hinithsonian Institution. 



Appendix TIT. 

REPORT ON THE INTERNATIONAL EXCHANGES. 

Sin: I liavo thi: Inmor to jn-o^eiit herewith a report on the operations of the 
Internaf ioiuU Eiehaii^e.; durinii the fiscal year eudiug June 20. IPOG. 

In coiaiuon with the parent Institution and all of its branches the Inter- 
national Exchanges has suffered a great loss in the death of the Secretary, 
Mr. S. P. Langley. In some other place, no doubt, a fitting tribute will be paid 
to his memory, and his services to the Institution aud to science will be ade- 
quately depicted, but I can not refrain from recalling the fact here that Jlr. 
Langley's connection witli the Institution began in IS8T in the capacity of 
assistant secretary in ciiarge of exchanges, publications, and library. 

During this period the operations of the exchanges have nearly trebled in the 
quantity and in the breadth of distrilmtion. Throughout his term of office as 
Secretary Mr. Langley continued an active interest not only in the general 
operations of the exclinnges. but even in its details, and in his annual trips 
abroad, made at his own expense, he invariably visited the agencies in the 
countries to which he went, and in other ways promoted the interests of the 
service. I have little hesitation in saying that Mr. Langley made the e.xehauges 
one of the principal agcncie.s for increasing the usefnlne.s.s of the Institution 
in foreign countries and for carrying out the intention of the founder in the 
“ diffusion of knowledge.” 

The work required of this branch of the Smithsonian Institution is essen- 
tially of a business nature, though it should be added that through its opera- 
tions one of the general purposes of the Institution in the diffusion of knowledge 
is greatly furthered. The duties of the Exchanges consist chiefly in transport- 
ing packages of books from Washington to all foreign lands, however remote, 
and ill receiving publications from other countries for distribution throughout 
the United States and territory subject to its jurisdiction. 

The requirements of the service necessitate tlie handling of many packages 
and a numlier of heavy boxes. As work of this nature could be conducted with 
greater facility on the ground floor, five rooms in the southeast basement of the 
Smithsonian building were remodeled in 1S92 for the express use of the Inter- 
national Exchanges. These rooms have been furnished with assorting tables, 
bins, filing cases, and such other office apiiliaiices and suiiplies as are necessary 
for the use of clerks and other assistants, 'fibe approximate value of tins prop- 
erty is about .‘=!2,.300. 

The property acquired during the year consisted principally of boxes, pack- 
ing materials, stationery, aud other necessary supplies, the cost of which 
amounted to $.3,054.84. 

Wliile it has lieeu the practice to take an account of stock on hand at the 
end of each fiscal .year, no derailed statement of the disposition of supt)lies 
has been kept in the Exciiango Office, such supplies being given out as needed 
by one of the clerks. There lias recently been inaugurated a complete deiiit 
and credit card .system for keeping the propert.v record, which will go into 
effect at the begiimiiig of the coming fiscal year. It will then be neccsi-i-y 
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for ciiiployees in the Exchanges to present to the clerk in charge of property 
approved requisitions for such stationery and supplies as they may require 
in the discharge of their duties. A room has been specially fitted up with 
shelves and bins for keeping the stock on hand. 

On account of the possible danger from fire, extensive changes and improve- 
ments arc now being made in the electric wires which furnish light for the 
exchange rooms, in accordance with the recommendations of a committee 
a]ipointed by yourself. This work was only begun in the latter i)art of .June, 
and is not yet finished. 

ft may be added here that, as a further precaution, all exchange packing 
boxes have been removed from the halls of the Smithsonian building to a 
warehouse outside of the Institution. There are. therefore, now kept on 
hand here only a sufficient number of boxes for the immediate needs of the 
service. Other precautions have been taken, such as the purchasing of new 
hose and metallic receptacles for paper and other waste niateri.al. 

So far as reported to the Institution, in only one instance during the past 
year has a case of exchanges gone astray. This case was addressed to the 
Ea Plata .Museum, and was shipped from New York in due course, but upon 
arrival of the steamer at the port of P.uenos Ayres it was missing from the 
ship's car,go. The forwarding agents in New York are now endeavoring to 
trace this consignment. 

While two shiinnents of intfu-national exclmnges were subject to g(>nei’a! 
average <'harges. one consigned to Sweden and tlu' other to South Australia, 
the damage to the cargoes of the \essels did not extend to the exchange eases, 
and they were forwarded without much delay to their destinations. The 
general average amounts involved were small and the distributing agencie.s 
were good enough to meet them. 

During the past ymU' a number of unclaimed packages of books from abroad, 
addressed to certain Government offices and individuals in this country, were 
sold at public .-uiction at several of the tinited States custom-houses, more 
especially at the port of entry at Georgetown. These packages were not 
addressed to the Smithsonian Institution la-opcr, but as some of them were 
sent to the United States Government as exchanges, this Institution, so far as 
possible, recovered the packages and forwarded them to their intended recip- 
ients. In each instance the sender was fully written regarding the proper 
manner of transmitting exchanges to this country. Had these consignments, 
instead of being addressed directly to Washington, been sent through the regu- 
lar t'Xchange clmnni'ls of tin* countries from which they (‘inanated, tlnwe would 
have been no difficulty in their prompt and sjife arrival at their destinations. 
P.ickages of exchanges which are forwarded through the authorized exchangi’ 
agencies are .addressed to the Smithsonian Institution in care of the collector 
of customs at the port of New York, where they are entered free of dut.v and 
forwardeil at once to the Institution for distribution through the International 
Exchanges. 

In order to prevent a recurrence of the sale of such material, so far as the 
Smithsonian Institution and the I.ibrary of Uongress are concerned, the Insti- 
tution addressed a letter to the Secretary of the 'L'reasury asking that similar 
instructions to those given the collector of customs at New York in 1862 and 
repeated in 1S07 be also issued to all the custom-houses in the United States. 
I am gratified to say that a reply was received stating that instrmtions to 
this effei't would at once be given to the collectors of all ttie iirincipal ports. 
The collectors have also been directed to send to the Smithsonian Institution, 
as soon as printed, catalogues of all auction sales in the future. A close 
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sui)(>rvisi()ii will In- ko|)t siii-h salt"; in tlio liopo of aidini: ofRcos and iuiroaus 
of the (Joveninioiit whose iiul)Iieations may sometimes j;o astray- 

It has been the practiee of the lutermitioiial Exehanses to inclose in each 
I)aekage forwarded through its service a card, properly tilled out. to be receipted 
by the consignee and returned to the Institution. The proper iireparatioii 
and filing of these cards would I’eqnire the entire time of one clerk, hut on 
account of the inadequate ftjrce it has not been possible to keep a clerk solely 
engaged on these cards. .-Vfter careful consideration the conclusion was 
reached that these receipt cards were not absolutely essential to the records of 
this office, -tcknowledgments of consignments sent abroad are received 
directly from tlie various exchange bureaus and agencies, which themselves 
usually obtain some form of receipt on the delivery of packages to their tiual 
destinations, while packages sent to domestic addresses are forwarded by 
registered mail and an acknowledgment received therefor through the post- 
office. As these acknowledgments were considered sufficient for the intorina- 
tion of this office, the practice of inclosing receipt c.irds in packages was. with 
your approval, abolished on .Tannary I, l‘;Od. Since this change it has been 
possible not only to keep abreast of the work in the record room, but one of the 
clerks in that room has from time to time been assigned to duty in other 
hram-hes of the service. 

Some of the bureaus and others using the exchange .service have occasionally 
in the ]iast included in their transmissions to the Smithsonian Institution 
packages for addresses outside of the United States, While the Institution 
has endeavored, in its desire to diffuse knowlcd,ge. to send to their destinations 
all such publications, it was found that the burden was becoming too great 
to permit of its being continued, and. with your approval, a circular letter 
was sent out stating that on account of the great increase in the volume of 
work the Institution would in the future be couiiiolled to limit the use of tlie 
exchange service by corresijondeiits abroad solely to the foi'warding of pack- 
ages for addresses in the United States and territory sniiject to its j\irisdii-tion. 
While this cliange will reduce the total number of packages received from 
abroad, it will md affect the returns to eorresi)ondejits in this eountry. 

The International Exchanges was est.ihlished primarily for the forwarding 
of hooks and other printed matter. It has. however. Iioeu the praetice of the 
Smithsonian Institution to oeeasioiially grant permission to eorrespondeuts 
to send small packages of si)eeimens for transmission through the service. 
Keque.sts for the transmission of specimens have of late become more and 
more frequent, and. in view of the original intention in the establishment of 
the Exchanges, it was thought that it would he necessary in order not to 
divert the use of the moneys received for carrying on the service to refuse 
altogether to send specimens. How'ever, having in mind the damage likely to 
occur to siK'h valuable scientific material if transmitted through ordinary 
chumiels. it was decided that the Smithsonian In.stitution. in the intere.sts of 
science, would continue to forward small packages of sj)ecimens, making, at 
the same time, a charge for such transmissions at the rate of S cents jier 
pound for botanical specimens and 5 cents per pound for all otliers. 

While it is not expected that any appreciable revenue will lie derived 
from this source, the amounts received will refund the Institution for a jiart 
of the expenses connected with such consignmeiits, q’liis charge, it should he 
remarked, is to apply only to corresiwndents in the United States and ter- 
ritory subject to its jurisdiction and in tliose eountrit's wliere tlie Insiitnlion 
lias its own paid agents. Transmissions of specimens from tlie Institution 
are distributed without question by the various exchange liureaus abroad, 
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and tlie same courtesy will, of course, continue to be extenrled to them in 
the forwarding of such specimens as they may send to the Institution foi’ 
correspondents in this country. 

With the exception of irackages for correspondents in the county of London 
and tliose for all other places in Great Britain weighing 1 pound or less, the 
agents of the Institution have, in accordance with long-standing instructions, 
charged for the forwarding of exchanges from London to destination. It 
seemed proper, however, that if the Institution undertook the delivery of ex- 
changes at all it should be entirely without cost to the recipients, and in the 
future all exchanges sent to Great Britain will be delivered to corresi)ondents 
free of expense. A part of the money which will be saved as a result of the 
changes referred to in preceding paragraiihs of this report will be required 
for carrying into effect this imijrovement in the service. This additional charge 
upon the resources of the International Exchanges will, however, I trust, only 
be of a temporary nature, as steps have recently been taken to cause the 
British Government to enter into exchange relations with the United States 
and establish a bureau of its own. Such a bureau, if established, would take 
charge of the entire exchange work now conducted by the Smitiisonian agency 
in London, thereby relieving the Institution of the burden of carrying on this 
work single handed with Great Britain. 

The number of complaints of dela.vs in the transmission of pack.-iges is be- 
coming more and more infrcament. In every such case during the past year 
special efforts have been made to tr.-ice the cause of the delay, with a view to 
overcoming it in the future if possible. It should be added that delays in the 
transmission of exchanges do not, as a rule, occur in tlie service at Washington 
nor in the offi( es of its agents in I.ondon, Leipzig, or Budapest, but are duo prin- 
cipally to the manner in which some of the exchange bureaus in other countries 
are conducted — in some instances consignments remaining at such bureaus for 
a great length of time l)Cfore their contents are distributed. It may be stated 
in this connection that there is practically no delay in the distribution of exchanges 
after their arrival in Washington, packages being immediately recorded and for- 
warded to their destination by registered mail under the official frank of this 
Government. 

In forwarding consignments to South and Central American countries it 
is necessary that bills of lading be certified to by the consuls of the various 
countries. In view of the nature of the contents of the consignments from the 
Smithsonian Institution — consisting, as they do, of contributions gratuitously 
presented and not. therefore, representing a commercial transaction — most of the 
consuls perform this service free of cost to the Institution, while some make a 
charge of about $2 in each instance. An effort is being made to have such fees 
waived. 

Requests from correspondents of the International Exchanges for publications 
issued by other establishments than the Smithsonian Institution have become 
so numerous that all such applicants have during the latter part of the year been 
uniformly requested to apply directly to the source of publication for such books 
as they may desire. Wlien it is considered that there are over 50.000 corre- 
spondents of the Exchanges, it will be appreciated that it is quite impossible 
for the servica to undertake the solicitation of contributions. It is furthermore 
provided in the Brussels exchange convention of ISSti that the various bureaus 
shall not take the initiative to bring about the establishment of exchanges. 

In a recent issue of the circular of rules governing the transmission of e.v- 
changes a note was added that the Institution does not solicit contributions for 
its correspondents. 
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The office collection of directories of large and important cities, catalogues 
of universities and colleges, and other address books was always given special 
attention by the late Secretary Langley, and it has been endeavored during the 
year to make the sectional library in the International Exchanges as complete In 
this regard as possible. 

Ill accordance with your instructions, all copy for printing for the Exchanges 
has been submitted to the Secretary's office for approval. The printing in con- 
nection with the Exchanges is confined almost exclusively to letter heads and 
f-uch blank forms as are required in the work of the service, the only publication 
being the International Exchange List. This list is not issued frequently, 
the last edition having been published in September, 1903. 

The expenses of the International Exchanges are met in part by direct appro- 
priation by Congress and in iiart by appropriations made to Government de- 
partments and bureaus, either in the contingent funds or in specific terms for 
payment to the Smithsonian Institution of a portion of the cost of the trans- 
portation of packages. To each of the departments or bureaus sending or re- 
ceiving publications through the Sniithsonian Institution a charge of 5 cents per 
pound weight is made under the authority of a resolution of the Board of 
Regents passed in 1878, this charge being necessary to prevent an undue tax 
upon the resources of the Institution, as the appropriations made by Congress 
directly to the Institution for the support of the International Exchanges have 
never been sufticient to meet the entire cost of the work. For similar reasons 
it has been found necessary to make a charge of the same amount to State 
institutions. 

The amount appropriated by Congress for the expenses of the service during 
the fiscal year 1000 was 1?2S.S00, an apparent increase over the preceding year 
of $1,800. This additional amount, however, was transferred from the appro- 
priation for the Library of Congress and is to cover the salaries of two persons 
employed at the Smithsonian Institution in connection with exchange work for 
that Library. The sum collected on account of repayments during the year 
was $0,070.85, making the total amount available for carrying on the Exchanges 
$34,470.85. 

In this connection it should be stated that while $1,000 was added to the 
Exchange appropriation for 1005 in lieu of the payments which have been made 
to the Smithsonian Institution for forwarding the publications of the United 
States Geological Survey, the actual charge for such sendings at 5 cents per 
pound would have amounted during the past year to $4,535.05. The Smith- 
sonian Institution therefore received for carrying on the Exchanges $3,535.05 
less than it would have under the arrangement that existed heretofore. At- 
tention is called to this matter here as it may be considered advisable to bring 
the facts beP re the Apprciiriations Committee during the coming session of 
Congress with a view to having an additional amount added to the Exchange 
appi’opi i.ition. 

The number of packa.ges h;mdled during the past yo.ir was 171,883, an in- 
crease over the number for the preceding year of 6,130. The total weight of 
these packages was 471.5.50 pounds, a decrease from 1905 of 3.312 pounds. This 
decrease is probably due to the reduction of the matter printed by the Govern- 
ment Departments. «-hose publications constitute about 67 per cent of the weight 
of all exchange transmissions. 

New correspondents in every part of the world are constantly being added to 
the exchange list, so that they now reach a total of 56,314, an increase of -4.434 
over those of the preceding year. These correspondents are subdivided a.j 
follows; Foreign institutions, 14,620; foreign individuals, 30,471; domestic in- 
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stitutious. 3.773, and domestic individuals, 7.4r>(). Those coiTespoiideiits sliould 
not be considered as partici[)atin 5 j in an exchange with the Smithsonian Insti- 
tution itself, but are the beneficiaries of tlie facilities of the international ex- 
change service at home and abroad. 

The following table gives the number of correspondents in each country, ami 
also serves to illustrate the scope of the service : 

Nurnher of correspondents of the International Exchange Service in each coun- 
try on Jane 30, 1906. 


Conntry. 

Cor 

Lihra- 

rie'<. 

re^pondeiit-^. 

Indi- 

vnln- Total 
aK. 

Country. 

('ol 

Libni- 

llc- 

'■-Id’Oilent-: 

Iiidi- 

\idii- Total, 
al- 

AFHICA. 




AMKRTC V (North ' — coll. 




Algeria 

1^7 

51 

7,s 

Centtal Ameru-a— Con. 




Angola 

1 

1 

2 

.Nicaiairmi 

20 

5") 

75 



1 

1 


■ o 





U* 








1 

1 


I'^l 



British Central Afruu ... 

2 


5 

Xew naiinlland 

18 

37 


British Kast Afriea 

1 

4 

5 

St Rierrc-Miqucli.n 

2 

2 

} 

Canary Island-^ 

2 

3 

10 

L’nited State- 

o. 7T:i 

7,470 

11 . 22 ; 

Cape Colony 

64 

in. 

1>0 

West Indie-!: 












Egypt 

47 

106 

1.-.3 

.^ntigiia 

s 

t' 

U 



•) 

•> 






1 

1 

Barbados. . 












Gold Coast 

1 

4 


Bonaire 


1 

1 

Kongo 


■> 

5 

Cuba 

71 

110 

22 5 


.1 

“ 

y 






3 

11 

u 






1 

6 





1 



10 

h) 





Madeira 

3 

4 


(xua'leloiipe 


6 

s 

Maurilins 

11 

12 

23 

Haiti 

UK 

21 

f.y 

Morocco 


15 

15 

Jamaica 

21' 

51 

71 

Mozambique 


1 

1 

Martinique 


3 

3 

Natal 

-)•> 

31 

53 

Montserrat 



2 

2 

Orange River Colony 

3 

5 

8 

Xevi': 


1 

1 

Reunion 


2 

6 

Porto Rico 

10 

36 

46 

Rhodesia 

11 

15 

2C 



•> 



3 








1 

5 

6 




0 

1 

Sierra Leone 

0 

3 

5 

St Eubtatius 


1 

Sudan 

1 


1 

St. Lucia 

2 

5 

7 

Transvaal 

35 

52 

.H7 

St Martin 




Tunis 

8 

6 

14 

St. Thomas 

2 

8 

10 


2 

5 

7 ' 



2 


AMERICA (north). 




Santo Domingo 

4 

4 


394 


1,004 

Tobago 


o 

■) 

Central America: 


Trinidad 

16 

It' 

32 

British Honduras 

6 

15 

21 . 

Turk- I'-land- 

3 

5 


Costa Rica 

30 

52 

S2 

AMERICA (SOUTH). 




Guatemala 

44 


119 


ICO 



Honduras 

14 

43 

57 

Bolivia 

21 

41 
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Ilf oiiiv<jiiiiiiIi:iil.-! of tin' Jiih riiiiH<»iii! l.’i • hoiii/i’ t'h in fork ronolnj on .hnir 
.KK I'.iIiii — ( 'oiitiiiiitMl. 


('’oiintry. 

Corrc'-jMindeiU'^. 

I 'ountry. 

Correbpoinleiits. 

Libra- 

ries. 

Indx- 
\ idu- 
hN. 

Total. 

Libra- 

ries, 

Indi- 

Mdii- 

aN. 

Total. 

AMKRICA C'ori H t— f-Dn. 




A VSTR A I. A 1 A — ( •<» n . 




Brazil 

IV.t 

229 


South Au'-tralia 

4r. 

s7 

122 

British Guiana 

•_»o 

li. 


Tasinunin 

2b 

25 

G1 


IMJ 

1*9 

2 :i 


12LI 

19.S 

31S 

C'uloinhia 

40 

GJ 

in; 

We-'tein AU'-tialia 

3b 

4G 

S2 

Dutch Guiana 


4 

0 

JtURoFK 




Ecuador 

l;7 

21 

01 





Falkland TdiimK 


(> 

G 

, Austnu-FInnaa! V 

sio 

1 . 5S5 

2.295 

French Guhina 

1 

•2 

3 

Belmum 

41 1; 

G25 

1,041 

I’antinia 

4 

22 

27 

Bulgaria 

1 5 

24 

39 

Bar.ii?ua\ 

1 \ 

B. 

27 

Denm.nk 

124 

274 

29S 

Belli 

■ d 

99 

17: 

T'raiic e 

1.9211 

•I. *^00 

5 720 

L’ruy^uav 


47 

i'G 

<ieniuin\' 

2, b'''* 

.TT75 

S.4b4 

Venezuela 

1 : 

57 

R'U 

iiibialtar 

1 


> 





Great Hi itain 

2,351 

7.470 

9.y24 

ASIA 




Greece 

42 

64 

luT 

Arahia 


" 


Tcelui.d 

•25 

12 

37 

Bulueliidaii 


1 

1 

Ttalv 

937 

1. loO 

2.3.17 

Burma 

14 

b 

22 

Lu.xeinbnrg 

14 

10 

21 

Cevluii 

oJ 

27 

59 

Malt.. 

13 

17 

30 

China 

■>4 

158 

212 

. Monteii.-u'ro 

0 

1 


Cyprus 

4 

4 

8 

Netli- tlaiMN 

■225 

150 

08.5 

French India 

1 

1 


Norv\av 

145 

229 

3H4 

Hoiufkonif 

U 

21 

44 

Pot til-.:. il 

115 

112 

227 

India 

J’Jl* 

::o4 

oOo 

Roiuiuuiia 

11 

S9 

13U 

Indo-<'hintt 

lu 

] 1 

21 










.)(b 



Japan 

‘IVI 

54 ■) 

V->j 

Ser\ ia 

eo 


40 


4 

I'l 










Spain 

224 

.) l5 

,).')9 

Macao 

1 


1 

Swetlon 

203 

490 

093 

Malaysia: 




Switzerland 

40'J 

b23 

1 , 232 

Borneo 


1 

1 

Turkey 


110 

1G3 



6 






Briti'^h North Borneo. 

1 


3 

' roi.\ Ni.'tA. 

1 






3 

o 


0 

12 



1:4 

41 



1 




1 

1 




Philippine I'lainB ... 

111) 

29 

G5 

Hawaiian Bl.jn'K 

32 

M 

113 


1 


1 



- 

- 


1 

12 

13 


•) 




11 

14 


1 


1 


1 








10 





1 

1 


19 


44 





ArSTR\nAsIA. 


Tony.i 

3 








42 


42 


92 

221 

ol3 






Total 

392 

27 921 

50, 314 

Queensland 

54 

TO 

130 
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The table which follows exhibits the in(•oImn,;^ and outgoing exchanges t'oi- 
the vaiions hiauches of the United States riovenuiient during the year. I’.y 
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cuiuyari'iun with the last report it will be observed that there was au increase 
over the present year of G.oliS packages received from abroad for United 
States Government institutions, while the number ot packages sent abroad 
by this Government was only 1,S0S more than during last year. As the total 
number of packages received from other countries is by no moans as large 
as those sent by the United States, it is mo.st irratifying to note this substan- 
tial increase in the fruits of the exchange system to our Government 
establislmients. 


of United States Oorernment exchniuje-. ilarimi the year 1905-6. 



Packages. 


Packages. 

Name of Bureau. 

Him oived Scut ' 
for — by— 

Name of Biir»-uu 

Ill-' < i\odi Sent 
lur — by — 


American Historical 

j 


De[»<iitmeut OI the Interifr... 


311 


23 ! 

19 


. 


Astrophvsical Ob'^ervatorv . . . 

19 

.. .. 


1 ; 


Auditor for the and 

! 


Engineer School of Apph- 







2 


Bureau of American Kth- 



Entomological Commi«iou. . . 

4 











Bun^au ot American Re- 


Geoiogioal Survey 

09G 



6,7>8 


_)J 





BuitMU of .Animal InJu'strv .. 


1 

1 Hvgienic Laboratorv 

1 


Burt iiu of the Cerisn'i 

t.>7 ■ 

1, 29S 

Interstate Commerce Com- 





.> ' 

o 




Bureau <u Kducatiun 

109 

3 

Librarv of Congre.'s 

18, V..S 

27.'59,1 

Bureau ot Equipment, N\n y 



Lite-Saving Service 

2 

69 

Department 

1 . 



Light-House Board 


is: 

Bureau ot Fisheries 

Ill 

879 



3 

Bureau of Foreign < 'nnnncrr-'t'. 

1 . 


National Academy of s, i- 


Bureau of Insular Adair'. . . . 


6 

ences 

116 

470 

Bureau of Labor 

71 

1. 0.1:1 


QO 


Bureau of Manuiacinr.-' 

Is 

G, -no 


:3 


Bureau of the Mint 


192 



706 

Bureau of Navi.carioii, Navy 



N.itional Zoological Park 

l 


7 i. 





Bureau of Xavigation, l>e- 

1 


Xnval Observatory 

P.2 

45 

821 

partmentof Coinmeria and 



Naw Department 

IS 


Labor 


•16 

Otlice of the Chief of Eiigi- 



Bureau of Public Health an-i 



neers 

33 

3 

Marme-Ib spiral Service. . . 


5ri3 

Ofllee of the Chief of Staff, 



Bureau of Statistics, Depai'- 



U.S. Army 


12u 

ment of Commerce and 



Office of Indian Affairs 

3 


Labor 

r.i 

5. snj 

Ordnance Office, War Depart- 



Bureau of Steam Engineer- 



ment 

o 

1 

mg, Naw IiepartniPiit 

1 




1,17.3 

Civil Servi’ e rominis'idn 


s 

Post-Oihrc Department 

1 

Coast and Guodeiic Survey... 

1G.3 ! 

420 

Prc’-idcntof Die United Sbit''. 

4 


Comrni'S’onei of InteTual 



''nuthsonian Institution 

4,0^1 

7, G84 

Revenue 


14 

^nperinterudent of Documents 

1 

29 

CommH'-ioners of the Di'- 



^iirgeon-Generars Office . . . 

rjs 

325 

trict of ColuTubui .... 

5 , 

", ] 




Comptroller of t!ie Cu’’i.-n'-\ . 

6 

172 

War Departiiiont 


23 

Custom-House 


6 

Weather Bureau 

128 

918 

Department of Acru uUure. 


1, l.Vj 




Department oi <',,iiinieii e 



Total 

2G, 7ns 

G7, 02S 


and Labor 

lu 1 

1 

1 1 


' 1 
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RELATIVE IN’TEECIIANGE OF PDELTCATIONS RETWEES THE UXITED STATES ANP OTHER 

COtFNlRIES. 

The following is a statement of exchange transmissions by packages between 
the United States and other countries during the year IDUtJ : 

Statement of pac7co;;e.'f leceived for tra7is)}ti.ssion tliruunU the International 
Exchanyc Serrice during the fiscal gear ending Jane SO. Wvti. 



iwe. { 


1 lyuG 

Country. 

Packages. j 

Country. 

i\i< 1. 

:agL>. 


! For— ' 

From — 1 

1 

1 Fur— 

From— 

Algeria 

i 

145 

54 

Fin islands 

22 


Angola 

1 3 

U 1 

1 Fiance 

1U.318 ! 

4, .307 

Antigua 

‘J'J 

29 

0 

0 

French Cochin Cl in.i 

JO ' 

0 

1 

Argentina 


' 493 

1 Ccniumv 

K 215 ! 

6. 042 

Austnu-HuiigarN 


1 3,034 

1 Gibraltar 

13 1 

i) 

Aznre'i 

■ 2H 1 

U , 

! Cold Coa'-t 

11 

0 

Buhunia'' 

' jy 

0 j 

, CorecD.ikar 

s 

,3 

Ba^bado'^ 

^y 

U ! 

: Grenada 

y 

0 

Basutoiuixi 

1 

0 ! 

! Grual Biitain .nid In d . 

^ t UU _ 

21,447 

Beira 

13 

0 , 

Grc. re 

7^0 

0 

Belgium 

1 3, 2iy 

3 29.3 i 

Greeiiiand 

17 

u 

BemmclciM 

-10 ' 

' 0 

Guiidcluiiiie 

12 



4 

1 d 


> pi 

u 

Bolivia 

l.'iU 

0 

Guinea 


0 

Bomba 

3 

0 

Haul 

■'39 

1 0 





ICS 

1 



0 



\ 0 

Hra/il 

1 ''-11 

!,2I^ 


il7 

; 0 

1 u 

Biiti>h. America 

h.7 

2. U03 

Iceland 

uO 

Butish Burma 

21 

0 

. India 

2.112.3 

i su 

British East Africa 

1 7 

, 0 

Italv 

3. >0.5 

! 2,121 

British Central Afrua 

4 

0 

1 Jamaica 

2.. I 

’ u 



0 

0 


,, , - 

05 

; 129 

0 


iu 

r-; 


23U 

1 

Bulgaria 


' Kaiiiei >n 

Canary Islands 

2J 

0 

! ICougo 

1 

' 0 

Cape Culoiiv 

l-'-’U 

17 

Korea 
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Oonsigiiuieiits are now sent directly to li\e dill'erent establishiuents in Argen- 
tina. As tlii.s procedure is contr.try to the practice of tlie International Ex- 
changes in the ease of otiier countries, and ns the freight ehar.ges connected 
with the forwarding of exchanges to so many depositories in one countr.v is 
more than the funds at the disjifisal of the Institution for carrying on the 
service will hear, the Department of Stale has been asked to ascertain through 
the proper authorities of the Argentine Government whether the National 
Museum at Buenos .Vyres — the one to whom the largest number of sendings 
are madi — can not he designated to act in the future, as it did some years 
ago, as the ollicial exchange intermediary between Argentina and tlie United 
States. It is not expected that there will be any difficulty in effecting this 
improvement in the service, as Argentina in I.'s.'s;) adliered to the Brussels con- 
vention, which provides, among other things, for the establishment in each of 
the contracting States of a bureau charged with tile duty of conducting the 
exchanges. Should tliis ehange lie coiisumniated there will lie a material saving 
to the luteniatioual Exelmuges in the c-ost ot transmissions to Argentina, and at 
the same time more freiiueiit sliipmonts will be rendered possible. 

It is gratifeing to stale that the Icuig-jiending exchange negotiations with 
Cliiiia bate, through tiie efforts of the Hun. \V. \V. Koekliill, American minister 
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at Pckiiis. finally bi'cn bronslit tn a sucoessfiil conclusion. The Chini'sc Govcm- 
naait has dcsisuatod the .Shanghai bureau of foreign affairs as its representa- 
tive for this puiTose. While this arrangement is only for the exchange of 
official publications, it is hoped that full exchange relations will be entered into 
b.v (.'hina in the near future. Pending the arraiigeineut of details the first ship- 
ment of Government documents from tiie United States has not yet been made. 

(bwing to the death of Ur. Paul T.everkiilm. who since thOU attended to tlie 
reception and distribution of exchanges for Bulgaria, ali transmissions to tliat 
country have lieen suspended for tlio present. Uoctor Ueverkuhn was director 
of the scientific institutions and lil)rary of Ilis Royal Iliglmoss the Prince of 
Rnlgaria. and this offiee is now in corre^liondeiice with tliat estahlishnieiit with 
a view to enlisling its services in the distribution of c-xcbanges It sliuuld be 
added that Uoctor Uevorkiihn during his connection with the Smithsonian 
Institution was of much service in furthering the iiiterehange of publications 
between Bulgaria and the United States. 

.\s referred to elsewiicre in this re|iort. the othce of agent of file Tn.stitntion 
for Hungary iieeame vacant in tlio laitor part of .Tune tlirongli tlie death of 
Ur. .Tnsepli von Kdriisy. Ur. .Julius Pikhu'. who was employed by the Institu- 
tion as Doctor Kiird.sy's assistant, lias boon temporarily appointed agent for 
Hungary, to take effect on July 1. I'.ioij. 

1‘rior to the late Russo-Japanese war packages addre.ssed to correspondents 
III Ivorea were distributed through tlie courtesy of the Russian (.'ommission 
of International Exehanges at St. Pidersimrg. In yiow of tlie terms of the 
treaty of peace, tlie department of foreign affairs at Tokyo — tlie exchange 
ilistrihuting agency for .Japan — was askul to undertake the distribution of 
.such packages as might he received at the Institution for Korean correspond- 
ents. It is regretted that tlie Department was not able, owing to lack of proper 
arrangements and suflicieiit funds, to comply with the Institution's wishes in 
this matter. .V number of packages for Korea liaving accuiiiulated at this 
ortice, those that were within the mailing limit were forwarded to their destina- 
tions and the reninindor wen* returned to the senders with the statement that 
tliore were at jirospiit no means of transmiiting exchanges to tliat country. 
Tlio Korean liranch of the Royal .Ysiafic Society at Seoul has hooii invited 
to act as tlie exi-liango nieilium through wliicli packages to and from Ivorea 
may lie forwarded. Xo reply luis .\ct liecn received, thougli it is hoped that a 
favoratile one will come to hand at an early date. 

As a more direct means of traiisinis'^ioii. tlie few jiackages that are received 
for Persia, instead of being sent through the Ru'-sian Uxchaiige t 'ommission, 
ari' now forwarded directly liy mail. 

.\11 excliaiiges for I’ortngnese Hast Africa liave in the iiast been forwarded 
througli tlie national lilirary at IJslion. wliicli acts as the excliange bureau 
for Portugal and its colonics. .\s coiisidorable delay in tlie receipt of packages 
sent in this manner has lieen e.xiierieuced by corresiionilents in tliat country, 
tlie Institution asked the Government lilirary at Loureni.'O Manincz to take 
cliarge of tlie reception and distriliution of excliaiiges for I’ortuguese East 
■tfrica. This reipiest tlie Government library was good enough to coiiiiily with. 

Following is a list of bureaus or agencies abroad through wliich tlie dis- 
triluition of excliaiiges is effected. Tlioso in tlie larger ami in many of 
the smaller coniUries forward to the Smirlisoni.-m institution rc'ciprocal con- 
tributions for distribution in the i’nited Stales: 

Algeria (via France). 

Angola (via I’ortiigaU. 

Argentina : Yluseo Xacional. Buenos Ayres. 
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Austria : K. K. Statistische Central-Commission, Vienna, 

Azores (via Portugal). 

Barbados : Imperial Department of Agriculture, Bridgetown. 

Belgium : Service Beige des Echanges Litteraires Internationaux, Brussels. 
Bolivia : Oficiiia National de Inmigi-aeion, Estadlstica y Propaganda Geo- 
graflca. 

Brazil : Servico de Permutacos Intcriiacionaes. Bibliotheca Nacional, Rio de 
.Tnneiro. 

British colonies : Crown Agents for the Colonies. London.o 

British Guiana : Envoi Agricultural and Commercial Society, Georgetown. 

Bulgaria (via Germany). 

Canada : Sent by mail. 

Canary Islands (via S]>ain). 

Cape Colony : Superintendent of the Government Stationery Department, Cape 
Town. 

Chile: Universidad de Chile, Santiago. 

China : Zi-ka-wei Observatory. Shanghai. 

Colombia : Biblioteca Nacional, Bogota. 

Costa Rica: Oficina de Doposito y Caiije de Puhiicaciones. San .Tos6. 

Denmark: Kongelige Dauske Videnskaberiies Selskab, Copenli.igen. 

Dutch Guiana: Surinaanische Koloniale Bibliotheek, Paramaribo. 

Ecuador : Minister of Foreign Relations, Quito. 

East India: India Store Department. Bonilon. 

Egypt: Societe Khediviale lie Gcographie. C.airo. 

France: Bureau Frau(;ais des Cchanges Internationaux, Paris. 

Friendly Islands : Sent by mail. 

Germany: Karl IV. Hiersenuinii. Kiinigsstrasse 3, Leipzig. 

Great Britain and Ireland: .Messrs. William We-iey & Son. 28 Essex street, 
Strand, London. 

Greece: Director of the American Scliool of Cla.ssieal Studies, Athens. 
Greenland (via Denmark i. 

Guadeloupe (via France). 

Guntcii'aia : Instituto Nacional dc Gnalcniala. Guatemala, 
tiuiiiea (via Portugal). 

Haiti: Socivlaire d'Etat dc' r:"lation-; Extorieuu’.-. Port au Prince. 

Honduras. Biblioteca Nacional. 'D'cinigalpa. 

Hungary: Dr. .luiius Pikler. " Itednutc," Riidaiicst. 

Iceland (via Denmark). 

Italy: Ufficio <iegli Seambi Intcrnazioiiali, I!il>liotoca Nazionale Vittorio Ema- 
nuele, Rome. 

Jamaica: Institute of .Tainaicn. Kingr-ton. 

Japan: Foreign Office. J'okyo. 

Java (via Netlierlaiid- i, 

Lilieria; Care of .Vnicric.-in Colonization Society. Washington, D. C. 

Lourenen Jlaripiez : Government Library. Lourcin,o .Marijuez. 

Luxeiiilau'g (via Germany f. 

Madagascar (via France). 

Madeira (via Poi'tng.il). 

Mexico : Sent lo m.iil 


“This meiliod is ciniiioved for communicating with a large number of the 
British colonies with nhich uo means are available for forwarding e.vchange.s 
direct 
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Mozaml)ique (via Portugal). 

Aiital : Agont-Geiieral for Natal, Loialon. 

Netlierkiiids : Bureau Seieutilique Central Neerlandais, Bibliotheque de I'Uui- 
versite. Leyden. 

New Guinea (via Netherlands). 

New Hetirides : Sent by mail. 

Newfoundland : Sent by mail. 

New South Wales ; r.o.-ird for Internation.al Exchanges, Sydney. 

New Zealand : Colonial iluseuui, Wellington. 

Niear.-igua ; Ministerio de lielaciono.s Exteriores, Managua. 

Norway : Koiigelige Nor--ke Frederiks Universitet Bibliotheket, Christiania. 
Paraguay: Ministerio de Itelati. nes Exteriores, Asuncion. 

Persia : Sent h.v mail. 

Peru : Oficina de Reiiarto. Dero.sito y Canje Internacional de Publicaciones, 
Ministerio de Foniento. Lima. 

Portugal: Bibliotheca Nacional. Lisbon. 

Queensland: E.\( hange Board. Parlianient House, Brisban& 

Uouniania (via Germany). 

Hussia : Coniuiission Uusse dcs Echanges Interuatiouaux, Bibliotheque Iinpe- 
riale Puhlique, St. Petersburg. 

Salvador: Mtiseo Nacional. San Salvador. 

Santo Domingo: Sent by mail. 

Servia (via Gennauy). 

Siam : Minister for Foreign .tffairs. Bangkok. 

South Australia: Astronomical Observatory, Adelaide. 

Spain: Deposito de Libro.s. Cainhiij Internaeiona! y Biblioteea General del Min- 
isterio de lustruccion Publica y Bellas Aides, Madrid. 

Sumatra (via Netherlands). 

Syria : Board of Foreign Missions of the Presbyterian Church, New York. 
Sweden: Kongliga Svenska Veteiisknps .\kadeniicn, Stockholm. 

Switzerland: Service des I'icbanges Imoriiationaux. Bililiuthcque Fcdcralo Cen- 
ti’ale, Berne. 

Tasmania : Royal Society of Tasmania, Hobart. 

Tunis (via France). 

Turkey: American Board of Commissioners for Foreign Missions. Boston. 
Uruguay: Ofleina de DeiiWito. Reparto y Canje Internacional, Montevideo. 
Venezuela : Biblioteea Nacional. Caracas. 

Victoria: Public Library. :Melliourno. 

Western Australia: Public Lilir:iry of M'ostern Australia. Perth. 

Zanzibar: Sent by mail. 

With the exceiition of those countries with which the use of tho official 
frank is permitted, tlie di-lriluitioii of exchanges to foreign couutries was 
made in 2.0().j lioxes. 205 of which coutaiued United States Govei'iiment ilocu- 
meiits for autlmrized depositories, and tlie contents of 1,800 boxes consisted ol 
departmental and scientific and liter.iry pulilications for miscellanoon s corres- 
pondents. Of the latter cla-s of exchanges, the nmnlier of boxes sent to eacli 
country is given liolow : 


Argentina 20 

Austria 78 

Barbados 0 

Belgium 5.8 

Bermuda 2 


Bolivia 2 

Brazil 21 

British colonies ps 

British Guiana :! 

British Honduras 2 
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a I’ackages sent by mail. 

6 Includeil in transmissions to Netherlands, 
r Included in transmissions to Germany. 

The -oO sets of United States ofhoial publications provided for excliange pur- 
po.ses by the .loint resolution of Congress, approved March 2. ISUT, have all 
been placed in foreign depositories. Finding tliat a still further excliange with 
other Governments was necos^.iry in order to increase the collections in tlie 
Library of Congress, a joint resolulion was approved March 2. 1001. providing 
02 sets for distribution abroad in lieu of the .10 sets, as fornierly. This reso- 
lution also contains a provision for increasing the number of these documents 
to 100 on the request of the Librarian of Congress. Since the jiassage of tlie 
latter resolution three new depositories liave been adiled to the list of those 
leceiving full sets, a complete statement of which follows; 

Argentina: Library of the Foreign Oflice. Buenos Ayres. 

Argentina : Biblioteca ITiblica Provincial. La Plata. 

Australia: Library of the Commonwealth Parliaiuent. Melbourne. 

Austria: K. K. Statistische Central-Commission. Vienna. 

Baden : Universitats-Bibliotliek, Freiburg. 

Bavaria; Kimigliche Hof- und St:j:its-Bihliotbek, Munich. 

Belgium : Bibli<itheque Royale. Bru'-sels. 

Brazil; Bibliotheca Nacioual, Rio de Janeiro. 
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Canada : Parliamentary Library- Ottawa. 

Cape Colony : Goverumeut Stationery Department, Cape Town. 

Chile: Biblioteca del Cougreso, Santiago. 

Colombia : Biblioteca Nacional. Bogota. 

Costa Rica : Oficina de Deposito y Canje de Publicaciones, San Jos6. 

Cuba : Department of State, Habana. 

Denmark : Kongelige Bibliotlieket, Copenhagen. 

England : British Museum, London. 

England: School of Economics and Political Sciences, London. 

France : Bibliotheque Xationale. Paris. 

France : Prefecture de la Seine, I'aris. 

Germany : Deutsche Reichstags-Bibliothek, Berlin. 

Greece: Xational Lilirary, Athens. 

Haiti: Secretaire d'Etat des Relations E-tterieures. Port an Prince. 

Hungary : Hungarian House of Delegates, Bnd-ipcst. 

India : Secretary to tlie Government of India. C;ilcutta. 

Ireland: Xhitional Library of Ireland, Itublin. 

Italy: Biblioteca Xazionale Vittorio Emanucle. Rome. 

Japan : Foreign Office. Tokyo. 

Manitoba : Provincial Library, AVinni|ieg. 

Mexico: Instituto Bibliografico. Mnseo Xacional. Mexico. 

Xetherlands : Library of the States General. The Hague. 

Xew South Wales: Board for International Exchanges, Sydney. 

New Zealand: General .Vsseinbly Library. tVelliiigton. 

Norway: Stortliingets Bililiothok. Cliristiauia. 

Ontario: Legislative I.ibrary. Toronto. 

Peru: Bililioteca Xacional. f.ima. 

Portugal: Bibliotheca Xacional, Lisbon. 

Prussia: Kiini.gliche Bibliothek, Berlin. 

Quebec : Legislative Library, Quebec. 

Queensland • Parliamentary Library, Brisbane. 

Russia: Ini[ierial Public Library. St. Petersburg. 

Saxony: Kiiiiigliche Oeffeiitliohe Bibliothek, Di'csden. 

South Australia: I’arliauK’utary Library, Adelaide. 

Spain: Depij.sito de IJbros. ('anibio Internacional y Biblioteca General del 
Ministerio de Iiistruccidii Publiea y Bellas .Vrtos, Madrid. 

Sweden: Kongliga Biblloteket. Stockholm. 

Switzerland: Bibliotheque Fedcrale. Berne. 

Tasmania : Pai'liainentary Librar.v, Hobart. 

Transvaal : Government Library. Pretoria. 

Turkey: Minister of Public Instnictiun, Coiistaiitinojile. 

Uruguay : Oficina de Depdsito. Reparto y Canje Internacional de I’ublicaciones, 
Montevideo. 

Venezuela: Biblioteca X'acion.-il. Caracas. 

Victoria : Public Library, Melbourne. 

Western Australia : Public Library of Western .Custralia. IVrth. 

Wiirtteniberg : Kdnigliche Lande.sbibliothek. Srutr.gart. 

In addition to tlie full sot of Government doeunients. there are now for- 
warded to provincial and municipal governments 07 pe.rtial sets. The depos- 
itories of these sets have been designated by the Library of Congress from 
time to time since the passage of the rcsolrtion of JIarch 2, 1901. and have 
been selei.ted with a view to procuring such publications in return as were 
especially desired by that Library. 

SM 1900 5 
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During the year a request was received through diplomatic channels from 
the Government of Loureugo Marquez for certain official publications of the 
United States, to be deposited in the Government Library of that province. 
This request was complied with, and the first shipment was made on December 
30, 1905. This is the only addition to the list of depositories of partial sets 
during the year 1900. In exchange for these documents the authorities of 
Portuguese East Africa have stated that there would be sent to the United 
States not only the publications of Lourenco Mai’quez. but also those of the 
Province of Mozambique as well as of the different chartered companies. 

The complete list of depo.sitories of partial sets is as follows ; 
Austria-Hungary: Biirgermeister der Haupt- und Residenz-Stadt, Vienna. 
Bolivia : United States Minister, La Paz. 

British Columbia : Legislative Library, Victoria. 

Bulgaria : Minister of Foreign Affairs. Sofia. 

Ceylon : United States consul, Colombo. 

Egypt : Bibliotlieque Khediviale, Cairo. 

Germany: Grossherzogliclie Hof-Bibliothek, Darmstadt 

Germany : Senatskommission fiir die Iteichs- und auswiirtigen Angeleuheiten, 
Hamburg. 

Germany : Foreign Office, Bremen. 

Guatemala : Secretary of the Government, Guatemala. 

Honduras: Secretary of the Government, Tegucig.alpa. 

Jamaica: Colonial Secretary, Kingston. 

Lourengo Marquez : Government Library, Lourengo ilarquoz. 

Malta: Lieutenant-Governor, Valetta. 

Newfoundland: Colonial Secretary, St Johns. 

New Brunswick: Legislative Library, St John. 

Natal: Colonial Governor, Pietermaritzburg. 

Nicaragua: Superiuteudente de Archivos Nacionales. Managua, 

Nova Scotia : Legislative Library, Halifa.v. 

Northwest Territories : Government Library, Regfua. 

Orange River Colony: Government Library. Bloemfontein. 

Prince Edward Island : Legislative Library, Charlottetown. 

Paraguay : Ofieina General de Informaciones y Canjes y Commisaria General 
de Inmigracion. Asuncion. 

Roumania : Academia Itomaua, Bukharest 

Salvador: Ministerio de Relaciones E.xteriiU-es, San Salvador. 

Straits Settlements : Colonial Secretary, Singapore. 

Siam: Foreign Office. Bangkok. 

The chief clerk of this office. Mr. W. I. .\danis, was, on June 12, 1005. tem- 
porarily transferred to tlie Smithsonian Institution as disbursing agent, though 
the International Exchanges has profited by bis e.xperience aud advice on 
numerous occasions. 

Mr. F. AV. Hodge, wlio was acting curator of Exchanges since Febru-iry 1, 
1901, terminated bis services with this office on June 30, 1905. and resumed his 
duties in the Bureau of American EtluudMg}-. 

Notwitlistanding the fact that the work of the Exchanges has increased over 
last year and the force has been redm ed, the Imsiiiess of tlie office, in ail its 
branches, was up to date at the end of the year, tliere lieing no .'iccumulations 
on hand. 

To those correspondents abroad who give their personal attention and doubt- 
less often exijeiid private means iu furthering the interests of the International 
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Exchanges at large, the grateful acknowledgment of the Institution should be 
accorded. 

The ai)i)reciation of the Smithsonian Institution and its branches are due to 
Mr. Charles A. King, dejiuty collector of the port of Xew York, for bis constant 
assistance in clearing consignments from abroad for the Institution. 

In conclu.sion. it is ni.v sad duty to record the death of two of the employees 
of the International Exchanges — one engaged In the office at Washington and 
the other employed in the service of the Exchanges at Budapest. 

Dr. Joseph von Khrij.sy. director of the municipal statistical office of Buda- 
riest, who was appointed agent of the Smithsonian Institution for Hungary on 
October 1, IS'JT, died June 2.3 of this year. Doctor Kurilsy was the first regent 
of the Institution for Hungary, all exchanges for that country having lieen 
previously forwarded tlirough the Leipzig agency. During Doctor Kiirusy's 
connection with the Institution he took special interest in furthering the work 
of the International Exchanges, which has resulted in a material increase in 
the number of packages received from correspondents in Hungary for ad- 
dresses in the United States. 

Mr. Solomon G. Brown, employed as packer in this office, died on June 24. 
He was connected with the Smithsonian Institution almost since its founda- 
tion in 184(5, and he has occupied varlmis positions under the three Secretaries, 
the duties of which he always dischai'ged with faithfulness and efficiency. 

Respectfully submitted. 

Cyrus Adler, 

.-Is.s/.sfflHt .SVerefarp in Charge of Library and Exchanges. 

Mr. Kicii.vku Ratiiuux, 

Acting Secretary of the Umithsoniun Institution. 
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REPORT ON THE NATIONAL ZOOLOGICAL PARK. 

Sir: I have the honor to Kubniit the following report on the operations of 
the National Zoolojiical Park for tlie fiscal year ending June 30, lOOG. 

The work has lieen conducted in accordance with a scheme approved by 
the Secretary June 13, 1005, slight alterations in the expenditures therein 
proposed being made from time to time as required by the exigencies of the 
service. 

New house for tnamiitals . — This building, which has been under construction 
for several years, is now practically completed, with the exception of the 
exterior cages, walks, etc., n hich are yet to be made. Work on it has been 
much delayed because of tlie difficulty of procuring suitable workmen, owing 
to the groat amount of building going on in the city. The amount expended 
from tlie appropriation for the year in connection with this building is about 
$11,500. 

Central hratino plant . — Since the inception of the park it has been desired 
to estal)lish a central plant for heating the permanent buildings of the park. 
It is evident that a considerable annual saving would tlms be effected, both 
in fuel and in the wages of firemen. Funds have been lacking to do this 
in a thorouglily satisfaepu-y manner, but the matter seemed so urgent that a 
beginning was made during the pre.seut year. Two large boilers were placed 
in an exteusion of the temporary shop building, a coal vault was excavated 
in the adjoining hillside, and conduits were constructed from the boilers to 
the new house for mammals, to the lion house, and to the temporary bird 
house. Part of the heating mains was also installed. The cost of the work 
was about $2, .500. 

Culvert in the heaver valley . — During heavy rains a large quantity of detri- 
tus is carried down the valley that extends from the western entrance of the 
park to Rock Creek and whicli is occupied by the great flying cage, the 
beaver, otter, and otlicr inclosurcs. This was sometimes sufficient to dam 
up tlie little stream tliat runs down the valley and thus give it sufficient force 
to carry away the fences and release the animals. In order to avoid this 
constantly recurring expense for clearing out the beaver dams and remov- 
ing unsightly material, it was found necessary to build a concrete culvert 
of consideralile capacity directly through the beaver and otter yards. Its 
total length was 404 feet and its cost .$1,.S00. It is so arranged tliat during 
an ordinary flow the water passes into the .vards. while flood water is turned 
into the conduit. It has b.'cn found to work satisfactorily, and it should be 
extended as far up the valley as the flying cage. This would greatly improve 
this part of tlie park, as it would prevent the wash of frequent rains, wliich 
now disfigures it. 

Repairs . — The temporary structures in which the collections were housed 
wh. n the park was first established are so rapidly deteriorating and becoming 
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unfit for occupation that a large amount of repairs to builrtings and inclosures 
was necessary during the year. The wire fences used for many of the inclo- 
sures are seriously weakened and a general renewal will be necessary during 
the coining year. 

Roadways and footpaths. — These have required somewhat extensive repairs. 
The steep character of most Of the roads makes it difficult to keep any surface 
material on them. Heavy rains almost invariably wash off the surface layer, 
leaving the larger stones of the macadam bare and subject to being torn up 
by the feet of horses and the wheels of carriages. To put the roads in proper 
condition it will be necessary to expend considerable sums, which can not be 
spared from the existing appropriation. Much trouble is also experienced 
with the footpaths. They are usually made, as are the roads, with a base of 
broken stone and a surface of pulverized limestone. xVfter nearly every rain 
considerable repairs are required, which constitute an important item of 
expense. It would doubtless be cheaper in the end to put in at once, on the 
steeper slopes, proiierly constructed concrete walks. 

The extension of the city streets on the eastern side of the park has occasioned 
an elevation of the roads, making slopes which are very unsi.ghtly and down 
which a large amount of loose material is washed by rains into the park. In 
order to preserve the natural beauty of this region it will be necessary to pro- 
tect the grounds from invasions of this character, both by ifiauting the slopes 
and by suitably raising the grades in the park. 

yew survey and map. — The survey of the park, commenced last year, has been 
extended over about 4d acres more. This work is of great practical utility, and 
it is hoped to eventually map the entire park in this manner. 

Electric lighting. — A local company having extended a conduit for electric 
lighting as far as the entrance to the park, advantage was taken of this to 
run wires to the ottice building and stable, which have never been furnished 
heretofore with any fixed lights. It may be advisable to light also some of the 
darker roadways in the park, which are quite tortuous and narrow, and there- 
fore dangerous at night. 

Important accessions by gift. — Young male zebra and young male lion from Ras 
Makonuen, governor of Ilarrar Province. -Abyssinia, who also sent a female 
zebra and a male oryx antelope, but these latter two died en route. 

Polar bear, through W. S. Champ, from Zeigler Polar Relief Expedition. 

From Capt. C. E. Radclyffe, Hyde, Wareham, England. 2 red deer. 

From R. Jlcil. Gillespie, president Chesapeake Western Railway Company, 
3 black bears. 

From Hon. E. H. Plumacher, -Vmerican consul at Maracaibo, Venezuela, sev- 
eral Venezuelan mammals and bird.s. 

Accessions by exchange. — From the New Zealand government, 1 kiwi, 1 kea, 
3 flightless rails, and 1 tuatera lizard. 

From the department of crown lands. Province of Ontario, Canada, 10 black 
squirrels. 

From the New York Zoological Park, 4 Indian white cranes. 

From dealers in animals, 1 Alaskan brown bear, a fine male markhor goat, 
and several other goats, sheep, and deer. 

Births. — The births, 127 in number, include 1 Brazilian tapir. 1 yak, .5 Bar- 
bary sheep, 5 wapiti, 2 mule deer, 2 Columbian black-tailed deer, and deer 
of several other species; also 2 monkeys and several kangaroos, besides a 
number of wolves, arctic foxes, and other mammals. 

The birds in the flying cage nested well and young were hatched by cormo- 
rants. white ibis, sandhill cranes, and night herons. The pair of wild turkeys 
which has the freedom of the park also nested and produced four young. 
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Important deaths. — Gastroenteritis was the most prevalent trouble. The 
number of cases of tuberculosis was comparatively small. 

Male tiger. This animal bad been in the collection thirteen years anil was 
quite old when received. He had been failing for some months and being unfit 
lor exhibition was finally chloroformed, with the consent of the owner, Mr. J. 
Bailey. 

Female tiger, from interstitial nephritis. 

Jaguar, female, an old animal, in poor condition when received, from 
hemorrhagic septicemia. 

Grizzly bear, brain showed pathological features in both hemispheres, one 
side suggesting results of old absi ess, but immediate cause of death was not 
distinctly ascertained by the autopsy. 

One sea lion, from gastro enteritis. 

American bison, one calf from gastro-enteritis, and one old male from broken 
spine. 

Two Arabian camels, one from gastro-enteritis. the other from tuljerculosis. 

One Rocky Mountain sheep, from gastro-enteritis. 

Xoung male zebra, from accidenL 

One cassowary, from filariasis. 

One emu, from gastro-enteritis. 

One rhea, from pleuro pneumonia. 

Two Indian white cranes and several other birds, from aspergillosis. 

All dead animals which were in fit condition for preservation wore trans- 
mitted to the National Museum, the uuinlier sent during the year being Hi'i!. 
Autopsies were made by pathologists of tlie Bureau of Animal Industry, who 
also assisted with sick and diseased animais. 

Visitors . — The use of the park by schools and as a place of recreation is 
steadily increasing. On April 1C, lOOC. Ea.ster Monday, it was e.stimated th.it 
28,000 people, mostly children, were on tlie grounds during the day. 

Statement of animal collection. 


Accessions during the year : 

Presented 102 

liOaned 3 

Purchased and collected 118 

Received in e.xehange 87 

Born in National Zoological Park 127 

Total 437 


Cost for purchase, collection, and transportation of above, .83,200. 


Animats in the collection. 


! 

Indige- 

nous. 

Foreisin. 

Donic''ti- 

cated. 

Total. 

Mammals 

264 

167 

78 

609 


JISI 

218 

44 

643 

Reptile'8 

117 

13 : 

130 




Totiil 


SOS i 112 1,272 
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Ajiimals presented during the fiscal year ending June SO, 190G. 


Green monkey 

capneliin . 
Spuler monkey 


Lion 

Lynx 

Gray wolf 

Coyote 

Rough fox 


Loin*' Biandt, Wa^-hington, Distriet of Columbia 

Mws Ju>tine Inger^oll. Jamaiea Plain. Bo«>ton, M:i»-«'aeliU''Otts. 
Hun. E. H. Plumacher, United States eoiKul. Maracaibo, 
Vone 2 ucla. 

Pwas Makonnen, governor of Harrar Province. Vby'«‘.inia 

A. M. Meyer, Palo Alto, California 

Vernon Bailey, Washington, Distric t of Columbia 


Ra<-eoun. 

Do... 


Harbor "cal 

Somali /cbia 

Red ih'cr 

Angora goat 

Red scjuirrel 

European labbit 

Do 


Do 

Linnet ! 

Cuiiirnon can.iry I 

Amciican mairpie 

Common eruw i 

Red and yellow and blue I 


ITon. E IT Plumacher, United States eoiwiil, Maracaibo, 
Venezuela. 

E. C Conger, Edenton, N'orth Carolina 

.T. A. Herbert, Washington. DLstrict of Columbia 

Frederick Rogers, Washington. Disiriet of (’olumbia 

Robert MeM Gillespie, Harrisonburg. Virginia 

Mi'" K . W.ishingToii. Di«tn( t of Columbia 

W. S t'hainp. for Ziegler Polar Relief Expedition, N’ew York 

City. 

r S Bureau of Fishene', Washington. District of Ctdiimbia 

Ras ^^akonnon. governor of If.irrar Province, Aby'sniia 

Capt. C. E. RadolytTe, Hyde. Wareham. Dorset Fnglcnd ... 
Mrs ,L p. MiCalmniit. W.idmmtou, Dlsti ict *)f Columbia .. . 

J 8. Milstea<l. Xeuinglon. Virginia 

Wni E Field. Washington, Di'trn-t of (Vduinbia 

Josef O. Kordina. of Austiian Eniba.s"y, Wa.siiinglon, Di>- 
tiict of Ctdninbia. 

Mrs M. D. Ilensey. Wa"biugl<*n. Distrn t of Columbia 

N B. Plunkcr. Washington, District of Columbia 

C. .V Si«lnian. Washington. Di'tru t of Columbia 

Mf". D. T Day. Waslungtoii. Di-'iri< t of Columbia 

Nels<»n R Wood, Washington. Disuict of Columbia 

F. L. Goll. Washington. Disuict of Columbia 


Amazon 

Parrakeet 

Do 

Great horned o\v 1 
Red-tailed haw k . 


Mrs. Annie Farlev, Washington. Distrhd of Columbia 

Mis. Nicholas L«*iigvvoiith, Washington Di'trn-t uf Columbia. 

Mrs. w. R Wright Baltimore. Maryland 

Dr r M. Buckey. Washington. District of Columbia 

G C Milc\, Winchester, Virginia 


Do Fritz 8. Nye. Wythoville, Virginia i 

King vulture lion. E. H. Plumacher, United States consul, Maracaibo, 

i Venezuela. 

Ring dove ; Mrs Nicholas Longworth. Washington, District of Columbia. 

European ([uail Charles W. Dimick, Boston. MassacliuseWs 

Great blue heron | Adams Express Co , Washington, lUstrii t of Columbia 

Canada goose Mrs K. E. Kastle, Beiining, District of Columbia 

Mallard Mr". K. E. Kastle, Benniiig, District of Columbia 

Gannet William Aldrich, W'ashington. Distnetof Columbia 

Alligator ' Fred Stathn, Wilmington, North Carolina 

Do I James Young, Washington, District of Columbia 

Do A. De Carre, Wa'^hinghm, District of Columbia : 

Do I Mis'. Virginia Sanborn, Washington, District of Columbia ' 

Do ' l>onor unknown 

Do 1 Mrs. C. S. Haight. Washinghm District of Columbia 

Banded rattlesnake | Mrs. Nicholas Longworth, Washington, District of Columbia. 

California rattlesnake [ George W. Collos. Milwaukee. Wisconsin 

Rrairie rattlesnake ■ Dr. Cecil French, Washington, District of Columbia 


1 

1 

1 

1 

4 

1 

12 

1 

1 

2 

4 

1 

1 

3 

4 
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Animals pirferfi’d during the fiscal year ending June fiO, lOOn — Continued. 


Name. 

Donor. 

1 Nniiiber. 



4 



1 



1 

* 1 

Do 


1 

Tree boa 

' Hon. H. G. Squiers, envoy extraonlinary and laini-ter i>l(.‘ni- 
])')tontiary to Cuba, Habana. Cuba. 

' 1 

Fox snake 

fiuf. E P Movelev, Sandiiskv, Ohio 

3 

Black snake 

H L. Torrev'ioii, Glen Echo, ISfarvland | 

1 

Do 

W. 0 Miellinjj, Wa-'liini^ton, Di'>trict of rulinnbi.i 

■-3 


St'MMARY. 

Animals on hand July 1, 1905 1. JOT 

Accessions during the year -lOT 

Total 1. 744 

Deduct loss (by exchange, death, and returning of animals) 472 

On hand June 30, 1000 1. 272 

Respectfully submitted. 


Frank Baker, Auyvi inicndvnt, 

Mr. Richard Rathrl'n. 

Acting iscciclaiy of the Sntilhsoiiiaii InslUution, 



Appendix V. 


REPORT OX THE ASTROPHYSICAL OBSERVATORY. 

Sir : The character and value of property ijertaiiiiiig to the Astrophysical 
Observatory are approximately as follows ; 


Buildings $8. 900 

Apparatus 4G. 300 

Library and records T, 500 


During the past j’enr a small liroitroof shelter has been erected in the north- 
east corner of the Observatory inclosure to contain storage batteries and an 
alternating-current generator, and to serve as a distributing center for all the 
electrical current.s used for the Observatory. An underground power line has 
been laid by the electric lighting company to connect the Observatory and 
the main Smithsonian building directly with the main on B street independently 
of the Xational Museum. This fireproof building and power line cost §1.400. 

The two shelters occupied in 1005 by the expedition on Mount Wilson have 
been improved In a manner adapting them to maintain a more uniform tem- 
perature, and a tower and third small shelter for cloud reflection experiments 
have been erected. The total cost for these improvements was §200. 

Apparatus for research has been procured at a cost of §l,u00, of which §200 
was chargeable to the appropriation of 190.5-C. 

The usual scientific periodicals have been continued, a few books of reference 
have been purchased, and some periodicals and books have been bound at a 
total co.st for the Observatory library of §00. 

Xo losses of property have occurred. 

Personnel . — The Observatory suffered the loss of its distinguished founder 
.and director in the death of Secretary S. P. Langley, on February 27. 1000. 

Jlr. L. R. Ingorsoll served as teni[)(irary boiometric assistant from July 1, 
100.5. to Se[>teinbor 8, 1005, and again from June 10, 1900, to July 1, 1900. 

Miss F. A. Graves was appointed computer beginning January 10, 1900. 

Work op the Observatory. 

During the past year the work of the Observatory has been steadily directed 
with the aim of securing proof of the susi)ecte(l variability of the sun, but for 
convenience the year's work will be described under the following classification : 

1. Miscellaneous work. 

2. Observations at Wasliington. 

3. Oliservations on Mount Wilson. 

4. General statement of results. 

MISCELT.AXEOUS WORK. 

Preparation for publication . — The re.search on a possible variability of the 
solar radiation has been continued .so long and has given promise of leading 
to results of such definiteness and importance as to justify its publication as 
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Volume II of Annals of the Astrophysical Observatory. Considerable time has 
been occupied b.y the aid acting in charge in the preparation of the text for 
this volume, which it is hoped to publish during the coming fiscal year. 

Computation of results . — The reduction of observations of solar radiation and 
solar absorption has occupied the main portion of the time of the junior assist- 
ant and computer, but without interfering with the continuation in Washington 
of the series of observations on the absorption of the solar envelope and the 
solar radiation. Impro^’ed methods of reduction have been devised, so that the 
task of reducing a single day's work is not as heavy as formerly. 

Improvements of apparatus . — In earlier reports the principles embodied in a 
new form of standard pyrheliometer have been set forth. It may be recalled, 
however, that in this instrument the solar radiation, which passes at right 
angles through a circular aperture of known area, is principally absorbed at 
the rear end of a cylindrical hollow chamber, and that such portions of heat or 
radiation as escape from the rear end of the chamber are absorbed at other 
points along its walls, so that heat is aimost wholly prevented from escaping at 
the entrance. The heat thus fully absorbed within the chamber is taken up by 
a current of water which flows steadily at a measured rate in a spiral course 
round the walls of the chamber, entering at the front and leaving at the rear ; 
and the rise of temperature of the water is determined by a platinum resist- 
ance thermometer. Thus the rate of solar radiation is measured by the 
rise of temperature It produces in a known amount of water. A definite 
check on the accuracy of the instrument is had by introducing a measured 
electric current through a coil of wire situated within the chamber, thus pro- 
ducing a known amount of beat there. The agreement between this amount of 
heat and the amount carried off by the flowing water, as determined by imsms 
of the recording apparatus, is the evidence of the excellence of the pyrheliometer. 
In practice the in.strument has now come to a high state of perfection, and 
forms a valuable part of the eiiuipnient on Mount Wilson. Various improve- 
ments of the means of promoting a satisfactory circulation of the water and of 
measuring its rise of temperature have been introduced during the year. 

Several copies of an imiuMVed form of .secondary pw-heliouieter have been 
made at the Gbservatory shop and added to the ef]ui[uueiit. This instrument, 
though coming by a kind of evolution from Pouillet's water pyrheliometer, 
has now become very different from it. The receiving surface is a copper 
disk blackened by smoke. A cylindrical bulb thermometer is inserted radially 
in a hole at the side of the disk, and its connection with the disk improved 
by filling the hole with mercury, which is prevented fi'om spilling by iiacking 
at the mouth of the hole. A hollow eo))per sphere incloses the disk, and this 
is protected from outside temperatures l)y being inclosed in a wooden sphere. 
The solar rays pass down a diaphragmed tube and fall at right angles upon 
the copper disk. When reading the instrument, it is alternately shaded and 
exposed to the sun at two-minute intervals, and the rate of rise of temperature 
of the disk is determined from thermometer readings made each twenty sec- 
onds. Readings with this instrument must be compared with those of the 
standard pyrheliometer to reduce them to the absolute scale, but as between 
themselves the readings apptar to be accurate to half of 1 per cent indepen- 
dent of wind or temperature outside. 

The bolometer also has received very essential improvements, one of them 
consisting of a device for abolishing “drift” in situations where it is not 
possible to maintain the bolometer at uniform temperature. This is done by 
introducing as a part of one of the balancing coils of the bolometer a little 
copper wire in place of an etpial resistance of wire of zero temperature coetfi- 
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oipnt. Fi’r a bolometer only 1 or 2 per cent of the resistance needs to be 
thus substituted. The improvement obtained on Jlount Wilson is so great 
that the “ drift ” in a single holograph now rarely reaches a centimeter, 
although a rise of temperature of nearly 2 degrees centigrade per hour may 
be taking place. The bolonietric apparatus may be conveniently balanced by 
the aid of a variable shunt of high resistance round one of the balancing 
coils. This device is employed now instead of a slide wire fur determining 
the sensitiveness of the platinum thermometer used with the standard pyrheli- 
ometer. 

Some trial has been made of a new device of entirely different principle, as 
a rival of the bolometer and its class of instruments. This new instrument is 
not yet fuliy perfected, but gives some promise of exceeding in sensitiveness 
either the bolometer, the thermopile, the radiometer, or the radio-micrometer. 

OBSERVATIONS AT WASIIIXGTON. 

Xotwithstanding the fact that it has been deemed expedient for the satis- 
fa<-tory proof of the variai)ility or constancy of solar radiation to conduct many 
of the observations at the favorable station on Mount Wilson, still the observa- 
tions at Washington remain of liardly le.ss importance than before. For the 
determination of the amount of solar radiation outside the earth's atmosphere 
depends so largely on our estimate of the loss by scattering and nbsori)tion 
of the rays in the air that very much of the confidence with which we may 
hope tile work will ultimately be regarded must be ju'oduced by the number 
and weight of the circumstances which tend to establish the accuracy of the 
e.stimaie of the effect of the earth’s atmosphere. Chief in importance among 
such checks is the simultaneous observation of the sun's radiation at stations 
remote Irom one another and different in altitude, like Washington and Mount 
M'ilson. When it is said that the solar radi.ation re<-e!ved at the earth's sur- 
face on Mount M’ilson generally exceeds that in AVashington by a third, but 
that, nevertheless, simultaneous spectrobolometrie observations at high and low 
sun at the two places yield substantially identical values of the .solar radiation 
outside- the atmosphere, the soundness of the work seems strongly verified. 
In order to secure as many checks of this kind as possible, .solar constant deter- 
minations have been made by Mr. Foule in Washington at all times when the 
sky conditions warranted. Apparently a very considerable rise of the solar 
constant values, occurring in January after Mr, Abbot's return from Mount 
AA’ilsou, was observed at Washington alone. As in former years, the number of 
days suitable for these observations in AA'ashington has been small. 

Another important independent method of securing evidence of the varia- 
bility of the sun is found in the bolonietric examination of the solar image to 
measure the absorption taking place in the sun's immediate surroundings. 
This observation depends but little on the clearness of the earth’s atmos- 
phere, and can therefore he carried on about as well in AA'ashington as an.v- 
where. As stated in former reports, the Observatory is provided for this work 
with a horizontal reflecting telescope of 20 inches aperture and 140 feet focus, 
easily one of the largest telescopes of the world. Observations with the spec- 
trobolometer at the focus of this great telescope haie been carried on regularly 
by Mr. Fowl© throughout the year. Improved means for stirring the column 
of air within the telescope tube to improve definition have been provided, 
but, requiring additional electrical facilities, their trial was postponed to 
await the completion of the electric station above referred to. 
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OBSEBVATIONS ON MOUNT WILSON. 

The departure of an expedition in charge of Mr. Abbot to Mount Wilson, In 
California, in May, 1905, and the circumstances which led to its location there 
in response to the kind invitation of the director of the Carnegie Solar Ob- 
servatory and the president of the Carnegie Institution were mentioned in last 
year's report Observations were continued by the expedition on Mount Wilson 
until October 27, 1905, when the approach of cold weather and the frequent 
rise of fog over the mountain made the observing so difficult, especially in the 
temporary shelter in which the bolometric apparatus was situated, that Jlr. 
Abbot was recalled. By request and invitation of the officials of the Carnegie 
Institution most of the apparatus was left in place on Mount Wilson, in order 
to provide in some way for the continuation of solar constant work there during 
190G. Later it was determined to renew the Smithsonian expedition, and Mr. 
Abbot returned about May 5, 19(Jt;, and after June 15, 190G, was again aided, 
as in 1905, by ilr. L. R. Ingerscjll, tomi)orary bolometric assistant . 

During 1905 the solar constant was observed on Mount Wilson on fifty -six days, 
depending on about GOO holographs and about 1.000 pyrheliometer readings. 
Observations were made on a number of days on the transmission of the solar 
envelope and in sun spots. Pyrheliometer readings were made on Mount San 
Antonio (over lO.OUO feet high) simultaneous with solar constant determina- 
tions on Jlount Wilson (6.000 feet high). A few da.vs of observation were de- 
voted to the determination of the reflective power of clouds and the scattering 
of light by the sky. 

In lOOG additional instrumental equipment was provided, and a tower has 
been erected at the point of a ridge overlooking deep canyons on three sides for 
use in conducting from its summit careful measurements by the bolometer of 
the comparative brightness of equal angular areas of cloud and sun at all 
solar altitudes, and thus to determine what effect clouds have on the total 
amount of solar radi.atiou available to the earth. Almu.st ideal conditions for 
this experiment are often had on Mount Wil.son, for a level-topped sea of fog 
often rises and remains stationary for hours within a few hundred feet of 
the base of the tower above mentioned. It is also intended to observe the 
brightness of the sky with the bolometer, making supplementary spectro- 
photometric eye observations. Solar constant determinations were begun by 
Mr. Abbot about May 15, 1906, and are being continued almost every day. ex- 
cept when clouds prevent. As regards tran.-iparency of sky and freedom from 
clouds, the conditions in 1900 are much less favorable than they were in 1905 
on Mount Wilson. It may be po.ssible that the prolonged eruption of Mount 
Vesuvius has had a similar effect to that of the great eruption of Krakatoa 
in 1SS.3 in perturbing the air. It will be interesting to see if the observ.a- 
tlons of others indicate a general decrease of the transparency of the earth’s 
atmosphere. 

GENEH.\L STATEMENT OF RESULTS. 

Reserving for the forthcoming Volume II of the Annals of the Astrophysical 
Observatory a detailed statement of the re.sults obtained and a discussion of 
them, the principal results of the year may be summarized as follows : 

A. Agreement beticcen Washington and Mount Wilson solar constant 

observations. 

So far as the reductions have enabled the results to be compared, there 
seems to be no difference of a s.vstem.atic kind between Washington and Mount 
Wilson sjjectro-bolometric determinations of the solar radiation outside the 
earth's atmosphere. The probable error of Mount Wilson determinations is 
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naturally smaller, owing to the high altitude and clear sky. but the results for 
the two stations in general agree within 2 or 3 per cent, and thus within 
the probable error of the Washington observations. 

Considering the great difference in altitude of the stations, this tends 
strongly to increase confidence in the soundness of the method of “ solar con- 
stant ” determination employed. 

B. Absolute value of the “solar constant.’’ 

Preliminary comparisons between the secondary pyrheliometers heretofore 
used and the standard pyrheliometers now perfected indicate that the prelimi- 
nary scale of values of the “ solar constant ” heretofore published in these 
reports is probably very nearly correct. During the observations in 1U0.3 on 
Mount Wilson the solar radiation was generally below the mean value of about 
2.12 calories as observed at Washington, and averaged about 2.03 calories. 

C. Estimation of the “solar constant” hy the pyrheliometer alone. 

As stated in last year's report. Mr. Fowle has found that a fairly close value 
of the solar radiation outside our atmosphere may be obtained on good days 
in Washington by making an exponential treatment of high and low sun obser- 
vations obtained with tlie pyrheliometer alone and adding 11 per cent to the 
value reached outside the atmosphere. As was to be e.xpeetod. the empiric, al 
correcting factor is found to be smaller than 14 per cent when the Mount Wil- 
son ob.servatioiis are treated in this manner, and it is also more variable — - 
ranging from 8 to 12 per cent — probably depending on the humidity of the air. 
Some ten years ago Prof. K. Angstrom made observations at high altitudes 
on the island of Tenerift'e with his pyrheliometer. This instrumerit reads 
lower than our standard pyrlicliometer, so tliat a correction must be added to 
his observations to make tliem comparable with ours, .\pplying a correction 
for this cause and reducing Angstrinu’s observations by the exponential method 
and adding 10 per cent (the mean of the corrections determined on Mount Wil- 
son) we ol)tain for mean solar distance 2.2.'5 calories for the solar constant 
during Angstrom's Tenerift'e exi)eriments of lSfi.5. a value al)ont as much higher 
than the mean given under B as the Mount Wilson mean value is below it. This 
value is well Iielow the liigliest values found by spectrobolometric work at 
Washington witliin recent years. Thus the best modern pyrheliometry is not 
discorded with the view that the “ solar constant ” is close to 2.12 calories. 

D. Evidence of solar cariahility. 

In general, the solar constant determinations obtained on Mount Wilson have 
internal evidence of being of very great weight. For example, the exponen- 
tial plots of the kind published as Plate VI in my report for the year ending 
June 30, 190.3, often have eight or ten points distrilmted over a range of air 
mass three times that whieli the sun shines through in the zenith, all lying 
within 1 [)er cent of the representative straight lino. So far as can be seen it 
appears that the Mount "Wilson determinations of solar radiation outside our 
atmosphere are usuall.v accurate relatively to 1 per cent or better. The obser- 
vations between June 1 and Au,gust 5. 190."). are on the average higher than those 
between August 5 and October 27. But fluctuations of from 5 to S per cent 
occur repeatedly, and often in periods of about ten days. 

Washington observations confirmed the results of September and October, 
but were lacking in July and August owing to bad observing weather. In De- 
cember excellent days were had in Washington, indicating low values, but in 



78 


EEPOET OF THE ACTING SECBETAEY, 


January the numbers rose very high, and the results became as high or higher 
tliau any before recorded and remained through most of February fully 15 
l)er cent above the Mount Wilson values of late August. After this there vi’as 
again a falling off, and the Mount Wilson work of May and June, 1906, gives 
about the same results as the corresponding months of 1905. By anticipation 
it may be added that July, 1906, does not appear to run parallel to July, 1905, 
by bringing higher values. 

On the whole the solar-radiation work of the past year furnishes the strong- 
est evidence of solar variability yet recorded by this Observatory. 

E. Confirmatory indications of solar variability. 

M’hile lack of knowledge of the conditions surrounding the sun makes con- 
clusions drawn from a study of the apparent absorption of the solar envelope 
doubtful, still the following inferences seem to be reasonable. If the solar 
envelope should decrease in transmissibility, the solar radiation ought at first 
to diminish, but after a time the radiating substance behind the absorbing 
envelope should increase in temperature, owing to the obstruction of its radia- 
tion by the absorbing envelope, so that at length the solar radiation should 
reach nearly Its former value despite the greater absorption in the envelope. 
Similarly a falling off in s,ilar absorption should immediately produce 
increased radiation and afterwards a decrease of radiation. 

The observations of the solar image made at Washington and Mount Wilson 
in the iiast fiscal year are not yet so completely reduced as to be profitably com- 
pared with the observations of solar radiation on the basis of this hypothesis. 
But it may be noted that during the month of July, while solar radiation 
appeared to be increasing, the transparency of the solar enveloi)e appeared to 
be increasing also, which is in accordance with expectation. Furthermore, 
the values representing the solar transmission at this time were below the 
mean values for several years, which also accord with expec-tation. 

Lack of knowledge of the local conditions which govern the earth's tem- 
perature prevents us from making at the present time accurate forecasts of 
the effect of a variation of the sun on the earth's climate. Thus, for example, 
a decrease of solar radiation may cause in some localities a decrease of cloudi- 
ness sufficient to allow as much sunlight to reach the earth as came before the 
fall of solar radiation took place. For the world in general, houever, it might 
naturally be expected that a docrea.se of solar radiation would cause a fall of 
the earth's temperature. It is therefore in accordance with expectation that 
the summer and early winter of 1905 were cooler than the average, while in 
January and February, 1906, there was uncommon mildness, followed by a 
cool spring. 

SUJIMAKY. 

The work of the Astrophysical Observatory for the year has principally con- 
sisted in the continuation at Washington and on Mount Wilson of researches 
designed to discover any variabiiity of solar radiation. The results of the year's 
work have furnished the strongest evidence yet secured that the solar r.idiation 
reaching the limits of the earth's atmosiihere varies freipiently and notaily in 
ana unt. .\ccording to present information, the mean value of the solar cointant 
of radiation is not far from 2.111 calories per square centimeter per minute ; its 
range of fluctuation is irregular and sometimes reaches 15 per cent, and its 
periods of fluctuation are variable. 

C. G. Abbot, 

Acting Director Astrophysical Observatory. 

Mr. Richard Rathbun, 

Acting Secretary of the Smithsonian Institution 



AprKxnix VI. 


REPORT ON THE ETBRARY. 


Sir: I hnve the honor to present the following report on the operations of the 
liiirary of the Smithsonian Institution for the fiscal year ending June ."0. 190G; 

There have been recorded as accessions to the Smithsonian deposit in the 
Library of Congress 1,754 volumes, 14,192 parts of volumes, 4,250 pamphlets, and 
.522 charts, making a total of 20,718 publications ; extending the accession num- 
hers from 408,087 to 475,178. A few of these publications have been held, being 
immediately necessary for reference in connection with the scientific work of 
the Institution, but the greater part was sent direct to the Library of Congress. 
The publications sent to the Library of Congress were transmitted in 293 boxes, 
and are estimated to have amounted to an equivalent of 11,720 volumes, exclu- 
sive of public documents presented to the Institution and forwarded to the 
Library of Congress at once without stamping or recording, as well as public 
documents or other gifts to the Library of Congress received through the Inter- 
national Exchange Service. 

The selecting and sending to the Library of Congress of volumes and parts of 
volumes that had been held for the u.se of the staff in the past years have been 
continued as far as the current work would allow. 

The liliraries of the Secretary, Ofiiee Astrophysical Oliservatory, and Na- 
tional Zoological Park have received 542 volumes, pamphlets, and charts, and 
1,8.32 parts of volume.s. making a total of 2.374, and a grand total, including 
books for the Smithsonian dejmsit and the Watts de Peyster Collection, of 
24,32(i. 

Tile parts of serial publications tliat wore entered on the card catalogue num- 
bered 2.5.('iiiG. One thousand five hundred and fifty-seven slips for completed 
velnnies were made, and GOO cards for new periodicals and annuals were added 
to the permanent record from the periodical recording desk. 

Inaugural dissertations and academic publications were received from uni- 
versities at the following places; 


Baltimore (Johns Hopkins). 
Basel. 

Bern. 

Bieslau. 

Erlangen. 

Freiliui-g. 

Giessen. 

Grcifswald. 

Halle a. S. 

Heidelberg. 

HeNingfors. 

Ithaca (Cornell). 

Jena. 

■Turiew (Dorpat). 

Kazan. 


Kiel. 

I.eipzi,g. 

Marburg. 

New York (Columbia). 

Paris. 

Rostock. 

St. Petersburg. 

Toulouse. 

'rubingen. 

Htrecht. 

W.ashington, H. C. (Catholic Univer- 
sity of .\merica). 

Wurt;»hurg. 

Zurich. 
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In carrying out the plan to effect new exchanges and to secure missing parts 
to comiJiete sets, 1,541 ietters were written, resulting in -!ST new periodicais 
being added to the receipts, while tiol defective series were partly or entirely 
completed. In addition to the letters referred to, 99 postal cards were mailed 
and 73 missing parts were received In response. 

As a result of a suggestion of the Librarian of Congress, it was decided that 
reprints of articles in periodicals or transactions and circulars, etc., ephemeral 
in nature and purpose, would be retained at the Institution. 

The plan adopted by the International Catalogue of Scientific Literature 
of sending to authors lists of their scientific writings that have been indexed 
in the Catalogue, and requesting any that have not been cited, has iiroven of 
special benefit to the library of the Institution, as a number of separates on 
American material have been added in this way. 

In tile reference room -01 volumes of the transactions and proceedings of 
learned societies were withdrawn, and from the reading room 25 bound volumes 
of periodicals and 3,885 parts of scientific periodicals and popular magazines 
wore borrowed. The use of those publications and those in the sectional 
liliraries of the Institution by persons from other bureaus of the Government 
has been continued, but in the main the consultation has been by members of 
the staff. 

The mail receipts numbered 34,716 packages, the publications contained 
therein being stamped and distributed for entry from the mail desk. Four 
thousand eight hundred acknowledgments were made on the regular form, ex- 
clusive of those for publications received in response to the requests of the 
Institution for exchange. 

There has been no change in the number of the sectional libraries main- 
tained in the Institution, they being the Secretary's library, office library, and 
tlie employee's library, together with those of the Astrophysical Observatory, 
aerodromics, international exchanges, and law refereiK'e. 

.\t the 'request of the .Vero Club of America the Smithsonian Institution 
exhilnted in the aeronautical section of the automobile show, held in New 
York City, 43 volumes of pul)lications on aeronautics from the section of 
aerodromics. 

The current periodicals in tlie .Vstrophysical Ol)servatory have been collated, 
missing numbers secured, and 38 volumes were bound. The library at the 
National Zoological I’ark had an addition of 19 volumes and 25 pamphlets, 
whicli were received by gift and purchase. 

The employee's library. — The number of books borrowed from the employee’s 
library was 1,21(), and the sending of a selected number of the hooks from this 
library to the National Zoological Park and the Bureau of American Ethnology 
each month continues to be appreciated. 

The John Donnell ffmith library. — While this library is still in the possession 
of Hr. John Donnell Smith, a book plate has been provided and under the direc- 
tion of .Mr. Smith copies have been placed in each of the volumes, about 1,700 
in nunil)er, so that their identification, when they are finally forwarded to the 
Institution, may be complete. 

The Watts de Peyster collection. — Through the continued munificence of Gen. 
Jolm Watts de Peyster, the Watts de Peyster collection has received an addition 
of 1.2.34 volumes. 

Tibetan manuscript. — Early in the year a unique Tibetan manuscript, entitled 
" Prajna Paramita,” i. e.. Transcendental Wisdom, was received as a gift from 
the government of India. It is written in gold characters on black ground of 
3G6 cardboards, which are held between two covers ot lacquered wood, and 
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was collectetl l)y Lieutenant-Colonel W:ul(Ioll. arcba-ologist of the Indian gov- 
ernment expedition to Tibet in 190-1-5, during this expedition. The height 
is 10 inches ; width, 174 inches ; thickness, 7 inches. 

The art room . — The collection of prints and art publications in the art room 
has boon thoroughly reexamined. A tentative arrangement has been made of 
the prints which are now being catalogued, they having been placed in paper 
folders and made ready for permanent arrangement. The serial publications 
are being collated and prepared for binding when the opportunity offers. 

The Museum library . — The National Museum library has been exceptionally 
fortunate in gifts this year, having received the following valuable donations ; 

A copy of the magnificent publication Investigations and Studies in Jade, 
In two volumes, profusely illustrated by American, European, and Chinese 
artists, from the estate of the late Ilelier R. Bishop. Mr. Bishop, who donated 
his large collection of jades and other hard stones to the Metropolitan Museum 
of Art, of the city of New York, gave much of his time for many years to the 
preparation of a treatise on jade and a catalogue illustrating his collection. 
The publication of the work was left to his executors and the number of copies 
was limited to 100, to be distributed to members of his family, heads of gov- 
ernments, and the principal libraries and museums having libraries in this 
and other countries; the United States National Museum was included iu the 
distribution. 

Prof. Lester F. Ward, for many years connected with the Museum in an 
honorary capacity, presonteil his collection of paleobotanicnl and botanical 
books, pamphlets, and memoirs of all kinds that were in the National Museum 
building. Mr. Robert Itidgway, curator of birds, presented a collection of 
publications consisting of a large number of separates on natural history and 
a complete set of the Proceedings of the United States National Museum, and 
Dr. Charles IV. Richmond, assistant curator of the same division, has given a 
series of valuai)le work.s. numbering over 100, on natural history and travel. 
Prof. O. T. idasuii and Dr. C. A. White have continued to add to their col- 
lections presented some years ago, and many valuable publications have come 
to the library in this wa,v. 

In the Museum library there are now 27,726 volumes, 44.075 unbound papers, 
and 108 manuscripts. The additions during the year consisted of 3,550 books, 
6,327 pamphiets, and 105 parts of volumes. There were catalogued 1,848 
books, of which 130 belonged to the Smithsonian deposit, and 4,804 pamiJhlets, 
of which 116 belonged to the Smithsonian deposit, and 12,228 parts of ijcriodi- 
cals, of which 040 belonged to the Smithsonian deposit. In the accession book 
3,5.50 volumes, 5, .327 pamphlets, and 105 parts of volumes were recorded. The 
number of cards added to the catalogue was 8,439. 

In connection with the entering of periodicals memoranda wore made re- 
porting volumes and parts missing iu the sets, together with a few titles of 
publications that were not represented in the library. The result of this work 
was the completing or partial filling up of 40 sets of periodicals. 

Attention has been given to the preparation of volumes for binding, with the 
result that 290 books were sent to the Government bindery. 

The number of books, periodicals, and pamphlets borrowed from the general 
library amounted to 28.924, including 19,354. which were assigned to the sec- 
tional libraries. This does not include, however, the large number of books 
consulted in the library but not withdrawn. 


SM 1906- 


■6 
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The sectional libraries established in the Museum have remained the same, 
the complete list now standing as foliows; 


Administration. 
Administrative assistant. 
Anthropology. 

Biology. 

Birds. 

Botany. 

Children’s room. 
Comparative anatomy. 
Editor. 

Ethnology. 

Fishes. 


Geology. 

History. 

Insects. 

Mammals. 

Marine invertebrates. 
jMateria ineiiica. 
iMesozoio fosj-ils. 
IMineralogy. 
Molhisks. ' 

( irieiital arcliieology. 
I’aleobotaiiv. 


Parasites. 

Photography. 

Physical anthropology. 
Prehistoric archieology. 
Rei>tiles. 

Stratigraphic paleontology. 

Snperiiitendeiit. 

Taxidermy. 

Technology. 


SL'MM.VRY. 


In the following table are suniniarized all of the accessions during the year 
for the Siiiithsonian deposit, for the iibraries of the Secretary, office, Astro- 
physical Observatory, United State.s National Museum, and National Zoological 
Park. That of the Bureau of American Ethnology is not included, as it is 


sejiarately administered : 

Smithsonian deposit in Library of t.’ongre'S 2d. "IS 

Secretary, office, and .\strophysical Observatory libraries 2. :>74 

Watts de Peyster colleidion ].2’'!4 

United States National .Museum libr.iry 8. 0.S8 

National Zoological Park 44 


Total 30. doS 


lXTERN'.\TIO.X \r, C'.\'l \I,(K,l r, OK SCrENTU IC I.lTF.R.M T'Ri:. 


The Smithsonian Institution continued during tlie fiscal year ending .Tune 30. 
1900. the preparation of the International Cafaiogno of Scientitic Literature in 
cooperation with other countries of the world. 

There were sent from here during the year 2.J.001 clas.silied citations to Amer- 
ican scientific literature, as follows; 


Literature of 1901 HOI 

Literature of 19o2 022 

Literature of 1903 .bds 

Literature of 1904 12. 130 

Literature of lOUo 9, (ittl 


Total 2o, 001 

During the present fiscal year 22 volnmos have been published and di.stribuled 
to the suhscrihers in tliis < ouutry, :is follows ; 

Second Annual Issue: Zoolo.gy. (Completing the is.sue.) 

Third Annual Issue- Geography, General P.iologv, Physiology, Geology, P.-ile- 
ontolog.v. Human Anatomy. Chemistry. Mineralogy, Meteorology, Botany, Phys- 
ical Anthropology, and Z(jology. 

Fourth Annual Issue; Astronomy, Mathematics, Bacteriology, Jlechauies, 
Geology, Paleontology, Phvsics, and MiiK'ralog.v. 

The first meeting of the International Convention of the International Cata- 
logue of Scientific Literature was held in Loudon July 2.'3 20, lOUo, there heiug 
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present one or more delegates from each of the following named countries : 
Austria, Belgium, France. Germany, Greece, Holland. India, Italy, .lapan, 
Jlexico, Russia, South Africa, United Kingdom, and the I'liitt'd States of 
America, whose delegate, appointed by the Smithsonian Institution, was Dr. 
Leonhard Stejneger, of the United States National iluseum. 

In the luternatiuual Convention is vested the supreme control of the Cata- 
logue. and in the beginning of the undertaking It was agreed that its meetings 
should be held in lOO.i, I'JIO. and thereafter every ten years. At the meeting 
in 1!H)5 the conviuition was expected to pass judgment on the vaiue and impor- 
tance of the project and on the advisability of continuing the work beyond the 
first period of live years, which will cud with the publication of the volumes for 
IPiC). Another important subject before the con\eution was that of reviewing 
and, if necessary, revising the classiticatiou s(.-hednles as originally agreed on. 
Regarding the first auestioii it was unanimously resolved: 

“ That in view of the success already achieved by the International Catalogue 
of Scientific Literature, and of its great importance to scientific workers, it is 
imperative to continue the publication of the Catalogue at least for a further 
period of five years.'' 

The classification scliedulos were referred to a committee, who. after having 
mot and considered ali suggestions Iroin tlie various bureaus throughout the 
world, decided to continue the general methods in use ui) to that time. thi)ugh 
making many minor changes in the schedules. Some additions U'ere required 
to fill omissions in tlie original schedules, and others also were necessary to 
provide suitable places for tlie numerous scientific subjects which had devel- 
oped since the beginning of the enterprise. 

The zoological section of the Catalogue, through an understanding with the 
/oological Society of I-oiidon, will become amaigamated with the Zoological 
Record, which has been tor years tlii' standard zoologn-al yearbook. By this 
metliod tile International Catalogue gains the .sen ices of some of the foremost 
zoologists in the world. 

All of the references to zoology eollei-ted by the various regional bureaus of 
the catalogue throughout tlie world will be sulmiitted for aiiproval to th(> ex- 
perts of the Zoological Society, who, in the future as in the past, will be in 
charge of the Zoological Itecord, which, beginning with the literature of 1000, 
will be published as the zoology volume of the International Catalogue. 

Early in 1901 the actual work of preparing the International Catalogue of 
Scientific Literature uas begun, and during and since that time the Smith- 
sonian Institution has felt obliged to allot each year a sum of money from its 
own limited funds to c.arry on the work in this country. The Institution has 
each year felt that even the small sum set apart for the work was a serious 
drain on its resources, and each year the hope was entertained that Congress 
would make a suitable appropriation for carrying on the work on behalf of the 
United States. 

At a meeting of the Board of Regents on January 21, 190G, it was decided to 
approach Congress in the hope of obtaining financi.d aid. By the authority 
thus given the Institution took the necessary steps to bring tlie matter to the 
attention of Congre.ss, with the result that an item was inserted in the sumlry 
civil bill worded as follows: 

“ International Catalogue of Stcientific Literature : For the cooperation of the 
United States in the work of the International Catalogue of Scientific Litera- 
ture, including the preparation of a classified index catalogue of Amei'ican 
scientific publications for incoiporation in the International Catalogue, the ex- 
pense of clerk hire, the purchase of necessary books and periodicals, and other 
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necessary Incidental expenses, $5,000, the same to be expended under the direc- 
tion of the Secretary of the Smithsonian Institution.” 

In concluding this report I can not but refer to the loss which the library of 
the Institution shares with the entire establishment in the death of the Secre- 
tary, ilr. S. P. Langley. His first services in connection with the Institution 
were, in considerable measure, devoted to its library during the term of his 
office as Assistant Secretary. Later, as Secretary, he reorganized the library 
system, bringing together in one centralized administration the libraries of the 
Institution and Museum and of the other branches of the Institution, with the 
single exception of tlie Bureau of Ethnology. No one used the library more 
constantly than did the late Secretary, and no one observed its rules so faith- 
fully. He was interested in every class of literature that came here and in all 
the departments of library work. Not only the general plan for the carrying 
on and increase of the library, but all of its details wore known to him, and he 
made constant suggestions for the improvement of the work and repeated 
inquiries as to its progress. 

Under his administration the quarters assigned to the library were multiplied 
many times, and his interest in the members of the staff led him to establish a 
general reading room for those who were not strictly connected with the 
scientific work; and also later he established a sort of circulating library, 
which even had a traveling section for the benefit of the employees of the 
National Zoological Park and the Bureau of Ethnology. He greatly promoted 
bibliographical work, both in the matter of publication as well as in the support 
which he gave to the International Catalogue of Scientific Literature. 

The Secretary was a daily donor to the library, since he made it a rule to 
present to it, with a few trifiing e.xceptions, all of the valuable scientific works 
which were given him, either in exchange for his own publications or because 
of his distinguished position in the scientific world. 

I can not but feel that the library, more than the other branches of the Smith- 
sonian work, has met with an irreparable loss in his jiassing away, for joined 
with his eminence as an original investigator he was essentially a book man 
and had a profound and direct interest in everything relating to the book world- 
scientific, historical, and literary. 

Kespectfully .submitted. 

Cyrus .\di.er. 

Assistant Secretary in Charge of Lihrary and Exchanges. 

Mr. Richako Rathbux. 

Acting Secretary of the Smithsonian InslUutwit. 
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REPORT ON THE PUBLICATIONS. 

Sie: I liave the honor to submit the following report on the publications 
of the Smithsonian Institution and its bureaus during the year ending June 
30, 1000: 

I. Smithsonian Contributions to Knoirlcdije. 

In the series of Smithsonian Contributions to Knowledge the following 
memoir, which was in press at the close of the last fiscal year, has been pub- 
lished ; 

1001. A Continuous Record of Atmospheric Nucleation. By Carl Barus. 
City of Washington: published by the Smithsonian Institution. lOO.'i, (Hodg- 
kins Fund. Part of Vol. XXIV, Smithsonian Contributions to Knowledge.) 
Quarto. Pages xvi, 220. 

II. Smithsonian Miscellaneous Collections. 

To the series of Smithsonian Miscellaneous Collections the following num- 
bers have been added : 

158u. Smithsonian Miscellaneous Collections (Part of Vol. XLVIIIl. Quar- 
terly Issue, Vol. Ill, part 2. City of Washington ; published by the Smith- 
sonian Institution, 1005. 8vo. Pages 117-240, plates xxxiv-lviii. 

1587. The History of the Whale Shark iRhinodon typicus Smith). By 
Barton A. Bean. (Quarterly issue.) 8vo. Pages 130-148, plates x.xxiv-xxxvi. 

1588. The Avian Genus Bleder Bonaparte and Some of its Allies. By 
Harry C. Oberholser. (Quarterly issue.) 8vo. Pages 140-172. 

1589. Scaphoeeros tjrelli, an Extinct Ruminant from the Klondike Gravels. 
By Wilfred H. Osgood. (Quarterly issue.) Svo. Pages 173-185, plates 

XXXVII-XLII. 

1590. A New Genus and Several New Species of Land Shells Collected in 
Central Mexico by L)r. Edward Palmer. By William Healey Dali. (Quarterly 
issue.) Svo. Pages 187-194, plates xr.m-xniv. 

1591. The Family of Cyprinids and the Carp as its Type. By Theodore Gill. 
(Quarterly issue.) Svo. Pages 195-217, plates xi.v-lviii. 

1502. The International Catalogue of Scientific Literature. By Cyrus Adler. 
(Quarterly issue.) Svo. Pages 219-221. 

159.1. Instances of Hermaphroditism in Crayfishes. By William Perry Hay. 
(Quarterly issue.) Svo. Pages 222-228. 

1594. Notes to Quarterly Issue, Vol. HI, part 2, pages 229-240. 

III. Smithsonian Annual Report. 

The .\nnual Report for 1904 was mostly in tv-pe on June .30. 1905, but the 
edition was not printed and distriimted until October. The contents of the 
volume were enumerated in the last report of the editor. 
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The general appendix of the report for lfM)5 was transmitted to the Public 
Printer toward the close of the liscal j-ear. The Secretary's report on the 
operations of the Institution, which forms part of the Regents’ report to Con- 
gress, was printed December 1, 1905, in a pamphlet of 90 pages ; 

1C5-1. Report of S. P. Langley, Secretary of the Smithsonian Institution, for 
the year ending June 30, 1905. Washington : Government Printing Office, 1905. 
8 yo. Pages 1-9G with plates i-vii. 

The general appendix of the 1905 volume will contain the following papers: 

New ileasurements of the Distance of the Sun. b.v A. R. Hinks. 

Photograpliing Lightning with a Moving Camera, by Alex Larsen. 

The Tantalum Lamp, by W. Von Bolton aud O. Fuerlein. 

Some Retiuemeuts of Mechanical Science, by Ambrose Swasey. 

Progress in Radiography, by L. Gastine. 

History of Photogra]jh.v. by Robert Hunt. 

The Genesis of the Di.atnond, b.v Ganliner F. M’illiams. 

The Culliiiau Diamond, by F. H. Hatch and G. S. Corstorphine. 

Gold in Science and in Industry, by G. T. Beilb.v. 

Submarine Navigation, by Sir William H. White. 

Liberia, b.v Sir Harry Johnston. 

The Geographical Results of the Tibet Mission, by Sir Frank Younghusband. 
The Development of Rhodesia and its Railw.a.v System in Relation to Oceanic 
Highways, by .1. T. I*. Ileatley. 

The Ethics of Japan, by Baron Kencho Su.vematsu. 

Plague in India, by Charles Creighton. 

The Fight against Yellow Fever, by A. Dastre. 

Luminosity of Plants, by Prof. Hans Molisch. 

Notes on the Victoria Lyre-Bird, b.v A. E. Kitson. 

The Intluence of Physical Conditions in the Genesis of Species, by Joel A. .Vilen. 
Parental Care among Fresh-water Fishes, by Theodore Gill. 

On the Relations between the L’nited States ami Germany, especially in the 
Field of Science. Ijy Herr Wilhelm Waldeyer. 

Walter Reed, by Walter D. McCaw. 

Rudolph Albert von KoHiker, by M'illiam Stirling. 

IV. Publications of Vnited States Sational lliiscutn. 

The publications of the National Museum are: (a) The Annual Report, form- 
ing a separate volume of the Report of the Smithsonian Institution; (b) The 
Proceedin.gs of the United States National Museum; (c) The Bulletin of the 
United States National Museum. 

There were issued during the year the Annual Report of the Museum for 
1904; volumes 28. 29. and 30 of the Proceedin.gs; Bulletins 54 aud 55, the 
former on the Isopod Crustaceans of North America, the latter on the Oi ean- 
ography of the Pacific Ocean; and Part 1 of Volume X of Contributions from 
the National Herbarium, the latter work being included in the Bulletin series. 

The full bibliography of the above publications will be given in the Annual 
Report on the National Museum. 

V. Publications of the Bureau of American EthnoJof/ij. 

The twent.v-third annual report of the Bureau of American Ethnology was 
published in Decemlier. 190.5, and progress was made on the twenty-fourth 
report. The twenty-fifth report was transmitted to the printer during the year. 
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while the twenty-sixth report was retaiiiefl by the Bureau until the completion 
of the two precedini; volumes. 

Bulletin 28 was published in Oetohtr and Bulletin 20 in December. The com- 
position and most of the press work of the first volume of Bulletin 30 was com- 
pleted during the year, and the manuscripts of Bulletins 31 and 32 were trans- 
mitted to the Bublic Printer. 

VI. Itepoi t of the American Historical Association. 

The annual reiiort of the .American Historic.il .Association for the year 1005 
was received trom the assiiciation and transmitted to the Public I’rinter in 
May. 100(1. Its contents are as follows: 

Beport of Proceedings of the Twenty-first Meeting at Baltimore and AVashing- 
ton. December 2(D20, 100.5. by Charles II. Haskins, i-orrespanding secretary. 
Old Standards of I'ublic Jlorals, b.v John Bai-h JIcMaster. 

A’irginia and the English Commercial S.v.stem. 1730-1733, by St. George L. 
Sioussat. 

AVhy .N’orth Carolina at First Eefused to Itatify the Federal Constitution, by 
Charles Lee Paper. 

The First Lord Baltimore and His Colonial Projects, by Bernard C. Steiner. 
The Authorshii) of the Jlonroe Doctrine, by .Tames Schouler. 

Report of Conference on Teai-hing of History in Elementary Schools, by J. A. 
James. 

Report of Couference on First Year of College Work in History, by Charles II. 
Haskins. 

Second Report of Conference of State and Local Historical Societies, by F. H. 
Severance. 

Reiioi't of Proceedings of Si'cond .Annual Meeting of Pacific Coast Branch of the 
.American Historical .Association, by C. .A. Duniway. 

Slavery in California after 18-18. b.v C. .A. Duniway, 

Origin of the National Land Sy.stem under the Confederation, by P. J, Treat. 
Report on Method of Organization and Work of State and liOcal Historical 
Soi-ioties, b.v Thwaiti's. Shamliaugh. and Riley. 

Report of the Public .Archives Commission. 

Bibliography of .American Historical So(-ieties. by .A. P. C. Griffin. 

VII. Report of the Duiiyhtcrs of the Amerhun Rcroliition. 

The eiglith report of rlie National Societ.v of the Daughters of the .Americ.an 
Revolution was received from the society in June, and was submitted to Con- 
gress in accordance with the reiiuiremenls of the huv. 

Respectfully submitted. 

.A. IIow.xRD Cl,\ek, eh it or. 

Jlr. Rtcti.vei) R.itht;ux. 

Actiny iiecretai y of the Smithsonian Institution. 



Appendix VIIL 


REPORT ON THE LEWIS AND CLARK CENTENNIAL EXPOSITION, 
PORTLAND, OREGON, 1905. 

Sib: I have the honor to submit the following report on the exhibit of the 
Smithsonian Institution and National Museum at the Lewis and Clark Cen- 
tennial Exposition held at Portland, Oregon, from June 1 to October ll, 1905, 
inclusive : 

An act of Congress approved April 13, 1904, provided for a Government 
exhibit to be made by the several Executive Departments, bureaus, and other 
organizations, including the Smithsonian Institution and National Museum, 
under the management of a Goiermuent board. The sum of .?200.000 was 
appropriated for this exhibit, another appropriation of $25,000 was autliorized 
for an exhibit by the district of Alaska, and $250,000 was appropriated for the 
construction of suitable building.s. 

The main Government l)uilding was located on an islandlike peninsula in 
the lake included in the exposition grounds. This peninsula was connected 
with the main portion of the exhibition grounds by the “ Bridge of Nations.” 
which was about one-third of a mile in length. Adjoining the main building 
on the south, and connected with it by a colonnade, was a smaller building for 
the exhibits of the Bureau of Fisheries of the Department of Commerce and 
Labor; while a similar building was on the north side, containing the exhibits 
of Ala.ska and the Pliilip[)ine Blands. Behind tlie latter was another and 
smaller building containing irrigation and forestry exhibits. 

The total floor space of the GiAernment building and its annexes was about 
80,000 square feet. The portion in the Governmeut building assigned to the 
Smithsonian Institution and National Muspiiin, comprising about .5,000 square 
feet, was located in the rear of tlie building and had no frontage on the main 
aisle, but was divided into two une<iual parts by a secondary aisle. 

In accord,ance with the intent of tlie law, tlie Goverumeiit exhiliit consisted 
chiefly of portions of the exliiliits made at the Louisiana Purchase E.xposition 
during the preceding year. The iilans formulated for the exhibits of the Smith- 
sonian Institution and its bureaus were entirely along the lines laid down at 
the St. Louis Exposition, although the choice of specimens reipiired considerable 
care, as the space allotted to the Institution and the National Museum was only 
about oue-third of the area of the space assigned to them at the Louisiana 
Purchase Exposition. 


SMITHSONIAN INSTITUTION PnOFER. 

This exhibit, which was placed against the west wall of the Smitlisonian 
space, comprised pictures of James Smithson. fouiKler of the Institution, a 
faeslmile of his will, a cast of the Iironze tablet placed on his tomb at Genoa. 
Italy, and views of the tomb itself, and a photograph of the mortuary chapel 
in the Smithsonian Institution where Smithson's remains now rest; pUoto- 
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graphic portraits of the Regents, the Chancellors, and the Secretaries of the 
Institution ; papers and medals relating to the Hodgkins fund ; a complete 
set of the publications of the Institution; an enlarged photograph of the 
Smithsonian seal, and pictures of the Smithsonian and Museum buildings. 

INTEBNA.TIONAL EXCHANGES. 

The International Exchange Service exhibited a statistical chart showing its 
operations from its founding up to 1904 and photographs of its offices, all of 
which objects were hung on the western portion of north wall. 

ASTROPHYSICAL OBSERVATORY. 

The Observatory showed several large charts illustrating the results of its 
investigations upon solar radiation, the most conspicuous of which w’as that 
of the infra-red spectrum. All were placed on the western portion of the north 
wall, together with transparencies representing soiar eclipses, sun spots, etc. 

NATIONAL ZOOLOGICAL PARK. 

Just to the west of the north door were shown eniarged photographic views 
of some of the animais living in the park and of the animal houses and 
paddocks, together with a model of the park, and maps showing details of the 
park and its location in the city of Washington. 

BUREAU OF AMERICAN ETHNOLOGY. 

This exhibit, representing the researches of one of the ethnologists of the 
Bureau, consisted of a series of 5.1 models and 2 originals of shields and 8 
models of tepees of the Kiowa Indians, illustrative of many of their beliefs 
and customs. This exhibit was placed in the west section of the wall case. 

UNITED STATES NATIONAL MUSEUM. 

I. Department of Anthropology, 

The exhibit of this department of the Museum was instailed in the west sec- 
tion Of the Smithsonian space. It comprised reproductions, on a reduced scaie, 
of five of the temples, or palaces, built by the Indians of the ancient civiiiza- 
tions of Mexico and Yucatan. The structures shown were; “Temple of the 
Cross " at PaleiKjue. the ” Castle ” at Chitzen-Itza, the " Governor's Palace ’’ at 
Uxmal. the “ Temple of Xochicalco,” and a temple at Mitla. Photographs, 
plans, and diagrams of these and other ruins were shown separately, as well as 
some full-size details of the temples. 

II, Department of Geology. 

This exhibit, which was placed in the central portion of the Smithsonian 
space, embraced ; 

1. A systematic collection of minerals, represented by unusually large speci- 
mens. 

2. An exhibit of meteorites, which comprised, (a) plaster casts of three 
meteorites collected by Commander Peary, U. S. Xavy, in north Greenland, the 
largest one being the greatest mass ever known to have fallen from the sky ; 
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(b) a plaster cast of the Bacubirito meteorite iu Mexico, another remarkably 
large piece of nickel-iron; (c) a plaster cast of the Aiusa-Irwin, or Tucson 
(Arizona) meteorite, iu the form of a ring of iron, the original of which is in 
the National Museum; (d) a map showing the location of known meteorite 
falls in the United States; (e) pictures of failing meteorites, or "shooting 
stars,” and photographs showing the internal structure of stony, iron, and 
stony-iron meteorites. 

3. Representations of some interesting fossil vertebrates of North America, 
which comprised; (a) Life-sized restoration of the armored dinosaur, stego- 
saurus ungulaiiis. showing the supposed external appearam-e of the animal, 
based on remains in the National Museum; (b) natural-sized restoration of the 
skeleton of the three-horned dinosaur, TriccratuiJS poroisus. from the origi- 
nal in the National Miiseum. On the wall was hung an (jil painting repre- 
senting the exteruai appearance of this great reptile in its native surroundings; 

(c) ]jictnres showing skeletons or restorations of other dinosaurs, of an 
icthyosaur. of a pterydaetyle (or flying reptile), and of an extinct toothed 
diving bird. 

III. Department of Biology. 

This department, situated at the east end of the Smithsonian space, showed; 

1. .V nearly complete skeleton of the dodo, Uidas ineptut. an extinct flight- 
less bird of the island of JIauritius. A few living birds were brought to Hol- 
land in the sixteenth century, and from these at least four different pictures 
were painted by various artists. One of the best of these, a life-sized pruflle, 
is in the British Museum, and an exact reproduction of it was hung near the 
skeleton. 

2. A complete skeleton (made up from bones of many individuals) of the 
great auk, Plautus impennis. \ cast of its egg and a natural-sized i)hoto- 
graph of the mounted specimen iu the National Mus.-um were also exhibited. 

A collection of birds' eggs from all parts of the world, including eggs of 
common birds, bright-colored eggs, eggs of the humming-bird, the smallest, and 
a cast of the largest egg known, tliat of the .Epyornis. an extinct bird of 
Madagascar. 

4. A series of bright-colored pheasants of the Old World, together with a 
pair each of three species of peacocks. 

5. A mounted American alligator and an American crocodile, placed opposite 
one another in order to show clearly the differences between these two largest 
existing American reptiles. 

(i. A group of large .game animals of Europe, Asia, and Africa : Chamois. 
Norwaj’ elk, moufllon, Manchurian tiger, Marco I’ouo sheep, axis deer, Sambur 
stag, lion, and rhinoceros. In addition to these, mounted heads of the nilglii, 
greater and lesser kndus. .Jackson's hartebeeste, boisa antelope, and ibex, and 
antlers of the American elk and caribou were hung on the walls. 

7. At various places on the walls of the Smithsonian exhibit-spac.e were placed 
plates taken from Audubon's work on North American birds, among them one 
of the great auk. Another series of pictures comprised photographs showing the 
making of a cast of a sulphur bottom whale at Balena Station, Newfoundland. 

8. Suspended over the center of the Smithsonian space was a skelecon of 
an adult little piked whale. Halwnoptera acuto-rostrata. 

Dr. F. . True was represimtative for the Smithsonian Institufion and 
National Museum on the Government board. Dr. M. W. Lyon, jr., was chief 
special agent. 
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Summary of allotment made to the Smithsonian Institution and National 

M useum. 

Original allotment $13, 000. 00 

Transfer to Philippine Island exhibit 342. 00 

Total 12, 058. 00 


Classified statement of exinmditures of funds allotted to the Smithsonian 
Institution and National Museum. 


Services of clerks, mechanics, and laborers, and care of exhibits ?.5, 203. 47 

Transportation of persons 1, 388. 23 

Per diems in lieu of subsistence 721. 49 

Freight, cartage, and expre.ssage 1, 019. 33 

Cases, material only 0. 23 

Packing materials 81. 54 

Miscellaneous supplies (stationery, office furniture, janitors' sup- 
plies, etc.) 477.40 

Specimens and construction of exhibits, including materials, services, 
etc. : 

National Museum 1, 05S. 43 

Other bureaus of the In.stitution 14, oo 

Total expenditure 10, 030. 70 

Dnexpended balance 2, 027. 24 

Net allotment 12, 058. 00 

Respectfully submitted. 


F. IV. True, 

Representative of the Smithsonian Institution and United States 
National Museum, Lewis and Clark Centennial Exposition. 
Mr. Richabd Rathbun, 

Acting Secretary of the Smithsonian Institution, 
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adverttsp:mext. 


The object of the ( lEXEiiAi, Appendix to the Annual Report of the 
Smithsonian Institution is to fiirnisli brief accounts of scientific dis- 
coverv in jjarticular directions: rejiorts of investio'ations made by 
collaborators of the Institution: and memoirs of a general character 
or on special tojiics that are of interest or value to the numerous 
correspondents of the Institution. 

It has been a promiiK'iit object of the Boai'd of Regents of the 
Smithsonian Institution, from a very early date, to enrich the annual 
report recpdred of them by hnv with memoirs illustrating the more. 
I'emarkable and imiiortant developments in physical and biological 
discovery, as Avell as showing the general charactc'r of the operations 
of the Institution: and this purpose has. during the greater ]iart of 
its history, been carried out largely by the publication of such papers 
as would possess an intert'st to all attract(Ml by seientitic progress. 

Ill 1S80 the Secretary, induced in i)art by the di--continuance of an 
annual summary of progress which for thirty years previous had been 
issued by well-known private publishing firms, had prepared by com- 
petent collaborators a series of abstracts, showing eoneisely the prom- 
inent features of recent scicmtitic progri'ss in astronomv. geology, 
meteorology, iihysics, chemistry, mineralogy, botany, zoology, and 
anthro])ology. This latter plan was continued, though not altogether 
satisfactorily, down to and including the year 1SS8. 

In the re])ort for ISS!) a return was made to the earlier method of 
presenting a miscellaneous selection of jjages (sonie of them original) 
unbracing a considerable range of scientific investigation and discus- 
sion. This method has been coiitiiuied in the present report for 1900. 




THE SMITHSOXIAX IXSTITU TIOX. 


The Smithsonian Institution is an estahlislnnent at Washington, 
founded bv act of Congress a])|n-oved August 10. l^lCi. in aei'orilaneo 
with a bequest of Jani(‘s Smithson, an Englishman. " for the increase 
and diti'usion of Iniowletlge among men.” The act creates, in effect, 
a museum, a library, a gallery of art. laboratories, lecttiri's. and pro- 
vides for such other methods a^ might further the promotion of 
knowledge. tht‘se Inning later been construed to include ])nblica- 
tions. e.xploratious. researches on the part of the staff" of the Institu- 
tion. and aids t<t research by supplying a|)[>aratus and making grants 
to investigators elsewhere. The .'smith'-on beque-t. with accumulated 
interest, now amounts to SCi.tO.OOO. to which has been added gifts and 
beque.sts. notably those of Thomas (1. Hodgkins, of !s-21.').i)ls.t)0. mak- 
ing the total Smithsoinan fund in the Enited .States Treasury at the 
present time #944.018. <i!b U})on this fund, and ui) to Sl.OOO.OOO. tin' 
Ignited States has agreed to ]ray in perpetuity intcu'e-t at the rate of 

]ier cent per annum. Other investments bring the capital of the 
Institution up to about Sl.OOO.nOO. All of tin* o[)eratious of the 
Institution proper must be carrie<l on with the income of this very 
limited fund. 

The Institution is by law an Establishment compo-ed of the Presi- 
dent of the Ignited States, the Vice-I*resideiit. the Chief Justict'. and 
the heads of the Executive Dt'partments. It is governed by a Boar<l 
of Pegents. consisting of the Vice-President and I'hief Justice. I'X 
officio, three members of the Senate, apjiointed by the Pr('sid('nt of 
the Senate, three members of the House of Pepre-entati ves. aj)pointed 
by the Speaker of tin' House, and six citizens of the Enit('d States, 
appointed by act of Congress, two of whom are residents of the city of 
Washington and four of .States of the Enion. but no two of the same 
State. The Secretary of tin* Establishment and of the Board of Pe- 
gents is the Secretary of the Institution and director of its activities. 
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THE SMITHSONIAN INSTITUTION. 


The Regents have iisuallY been selected from among the most distin- 
giiished ilendiei's of Congress and the citizen Regents from among 
the presidents of great universities or eminent public men. 

The Institution has had four Secretaries; Joseph Henrv. 1816 to 
1S7S, physicist and discoverer of the electro-magnet : Spencer Fuller- 
ton Baird. ISIS to 1SS7. naturalist and founder of the ITiited States 
Fish Commission: Samuel Pierpont Langley. 18S7 to 190(>. astron- 
omer and astrophysicist and discoverer of the laws of mechanical 
llight. which he successfully demonstrated : and Charles Doolittle 
IValcott. elected 1007. paleontologist and geologist. 

The activities of the Institution fall under the following heads: 
(1) The Institution proper: (2) the Xational Museum : (d) the Inter- 
national Kxchanges: (I) the Bureau of American Ethnology: (."») 
the Xational Zoological Park: tU) the Astrojdiysical Observatory. 

The Institution has aided numerous investigators with advice, 
direction, and money, supplying books. a])paratus. and laboratorv 
accommodations. It has also conducted series of public lectures, 
which have afterwards been publishc<l. It undertook the collection 
of meteorological data for weather forecasting and i)repared the 
first daily weather map ever issiuR in the world. Its work in this 
field, after being brought beyond the exjierimental stage, was trans- 
ferred to the Signal Service of the Fnited States Army, and after- 
wards resulted in the establishment of the United States Weather 
Bureau. It likewise undertook the initial investigations on the food- 
fishes of the country, which resulted in the establishment of the 
I nited States Fi'h Commission, now the Bureau of Fisheiies. 

Publications of great Vidue ha\e been issued in tin' following 
series : 

Aiiiiiiitl reportK. IsKi to I'.'O.'i. containing numerous pajiers of gen- 
eral interest intended to keep the ordinarv reader abreast of the 
2 irogress of science. 

S nut hxotiKiii t ' <nit rlhnt loiix to h xmrjrd (p'. of which 62 volumes 
have apiieared. the distinguishing feature of which is that each 
memoir constitutes an original contribution to knowledge. 

Mixrclhiiicoiix Colhtf/oKx. of -which Ps volumes have been [irinted. 
These contain bibliographies, reports of expeditions, standard tables, 
and minor scientific jiaiiers. .since ItMig sonic of the papers of this 
series have been issued in the form of a scientific Qiiarterlv. 

Under the Hodgkins foundation, a iiortion of which was intended 
for the increase and diffusion of knowledge in regard to atmospheric 
air and its relation to the welfare of man. numerous investigations 
have been undertaken and medals and prizes awarded, the most 
notable being a prize of SIO.OOO to Lord Rayh'igh and Sir William 
Ramsay for their discovery of the element "Argon " in the 
atmosjihere. 
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One of the inqjoTtant features of the lintitution is the library, 
numbering' over i^oO.OOO volumes, consisting mainly of transactions of 
learned societies and scientific periodicals, secured initially by jmr- 
chase. but now regularly added to by way of exchanges with numer- 
ous universities and other institutions at home and abroad. Since 
ISGG the main portion of this library has Ijeen de[)()sited in the 
Library of Congre'S. thus enriching the national collections. A small 
working library has been brought together in the Itistitution. Li- 
brary methods and scientific bibliography havi' la'cn greatly furthered 
by the Institution, iiiid many \aluable li-'ts and biI)liographies ami 
rtiles for catah\guitig have been pulilished. Since li'Ol the lustitti- 
tion has acted on the part of the Lmted State.' as one of the com- 
ponent bureaus of an International Catalogue of .Scientific Literattire. 
Avith head(iuarters at Loudon, which prei)ares and is.'ttes anntial 
volumes of indexes to the literature of natural and ])hysical sciences. 

Th(' Institution has for a niimbtu' of years suj)))orted a tabli> in the 
luological station at Aa])le'. to which qualified investigators are 
admitted free of co't to them. 

•till. XXtlOXM. MlsrlM. 

The Smith'oninn Institution i' tlu' cu'todiau. and the mily lawfttl 
place of deposit, of all ol i j(‘cts of art and of foreign and curious research, 
and all objects of natural history. ])laut'. and geological and min- 
eralogical specimens beiotiging to tlu' United .States. These collec- 
tions are ixiptdarly kno\\'u as the National iMu'Cimi. 'I'lie history of 
the IMitseiim is di\-ided into three pi'riods. first, from tiu‘ foundation 
of the Smithsonian Iiislitution to lx.')7. during which time sjtecimens 
were c<dlected solely to serve as materials for rcscardi: s('cond. from 
IS.'iT (when the Institution assiaued the cusiody of the "National 
Cabinet of Curiosities " | to l.sfti. during w hich ])eriod the (Museum 
became the ph.u e of deposit for 'cientiiic material which had alreadv 
been studied In iuA'esti gators and had become availaldc for ])ublic 
exhibition and educational iJtirpo.scs. In U7<', the (Mu'eum entered 
upon a new cari'er of actiAity as a result of the large collections 
•secured by the ( loveriiiiamt and the Institution after the close (jf 
the Centennial Exposition at Philadelphia, and Congress provifled 
a new building, which Avas elected upon the .Smithsonian grounds 
and ojjeiied to the j)ublic in IsSl. In pio;’, an additional building, 
at a cost of s;),,‘i00.n00. Avas jirovided for :uid is now in course of 
erection. 

The collections of the (Mu.setim are especially rich in the natural 
history, geology, paleontology, archeology, and ethnology of America, 
and also include many other subj(>cts. such as ^Vmerican historv. 
ethnograithy, and collections relating to fine art and the industrial 
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arts. The Museum is Imtli an educational and research institution, 
the exhibition series being specially well arranged and labeled from 
an educational point of view, while the study series form the working 
basis for numerous investigations both on the part of the iSIuseum 
statf and by many scientific men in the United States and abroad. 
In furtherance of its work, the Museum has issued numerous reports, 
bulletins, and proceedings, which coiitain many valuable rejjorts of 
reseaiT’h as well as contriljutions to knowledge. 

Gdllery of art . — One of the fundamental ol)jects prescribed by the 
act of Congress founding the Institution was the establishment of 
a (rallerv of Art. a portion of tlie Smithsonian building lieing espe- 
cially designed for this purpose. The building itself is a fine exam- 
ple of architectual art during the latter half of the twelfth century, 
variously styled Aorman, I{omanes(|ue, or Lombard, and its erection 
was made possil)h> by funds accumulated as interest on the Smithson 
bequest. In 184'.l a very valuable collection of etchings and engrav- 
ings belonging to (ieorg(' P. Mai'sh was j>urchased and a gallery was 
maintained until isur). when the prints and engravings were depos- 
ited in the Ihbrary of ('ongress. and later the otlun- art collections 
were deposited in the Corcoran (ialhu-y of .Vil. These, however, 
were in the main rc'called from both plac(‘s in 1S!)C> and roi'xhibited 
at the Institution. In P.idG Charles L. Fn'er conveyed to the Insti- 
tution his valuable art collections, including many jiaintings by 
IVhistler and four other American artists, nuuuu’ous etchings and 
engravings by Il’histler. and many examjiles of Chiiu'se and Ja]taitese 
art. as well as a large collection of oriental pottery. In the same 
year, as the result of a judicial decision. tlu> Institution was declared 
in law and in fact ti) b(> the National (ialleiy of Art. thereby secur- 
ing the small but choice art collection of Harriet Lane Johnston, 
including ('xamples of the greatest English j)ortrait painters, and a 
number of hi-torical objects. 

In 3Iarch. IdOT. the National (lallery was further enriched by the 
gift of Mr. M'illiam T. Evans, of Montclair. N. J.. who ^n’esented 
to it .lO paintings representing the best of the work of .Vnna’ican 
artists. These jaiintings are now on exhibition in the large atrium 
of the Corcoran (lallerv of Art. tln-ough the courtesy of its directors, 
until a suitable place shall be provided for them in the Smithsonian 
Institution. 

The Museum was under the ilirect charge of Spencer E. Laird, 
as Assistant Secretary of the Institution, from 1S.")() to 187S. when 
he became Secretary, and he was largely aideil in its management 
by freorge Brown (roode. who served as Assistant Seci'etarv in charge 
of the iMiiseum from ISSf to iSflCi. He was succeeded by Charles 
lx I\ alcott. 181)0 to 181)8. and by Kichard Kathbun, ISDS to date. 
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I'HE IXTERNATIOXAL F.Xf'HAXGF.S. 

A system of International Excliange^ wa'5 Ijegnn in 1850 for the 
free interchange of scientific publications l>etween institutions and 
investigators in the United iStates and those in foreign lauds. In 1SG7 
Congress assigned to the Institution the duty of exchanging 50 copies 
of all public documents of this countiy for similar documents of for- 
eign nation^, and this number was iii 1001 increased to 100 sets at the 
option of the Libi'ariau of Congress. In l(s81) a detinite treaty, made 
previously at a coina'iition at IJriisseC. was foiaually proclaimed 
by the President of the United States, wherein the United States 
Government with a niuul)er of others undertook the continuation 
of the exdiange service on a mor(‘ exteusi^-e basis. Out of this has 
grown the Bureau of International Exchanges, for the maintenance 
of which Congress provides by annual apj)ropriation. The total 
number of corres])ondents benefiteil l)y this service is oti.dll. and 
from 1850 to lOOG. li. 718.85-2 j)ackag('s wert- handled by it. The 
Exchange service is in charge of an Assistant Secretary. Cyrus Adler. 

TTIE lU ni’Al OF AArFRK'AX F.l'TTXOT.OOA’. 

The Bureau of .Vnierican Ethnology is an owtgi’owth of researches 
beginning early in the liistoi-y of tlie Institution, which has. from 
the outset. dcAoted much attention to tlie study of the tribes of 
American Indians. It took its present form tlirough Congressional 
appropriation in 1870. and hr.s collected a large amount of data 
relating to the habits and customs, the laws, rhe religions, the lan- 
guages. and the jhiysical characteristics of the aborigines of this 
continent. It has jiublished 25 reijorts and dl bulletins, and has 
a great amount of unpublished material, including hundreds of 
A’ocabularies. Besitles (h)ing a consideral)le amount of archeidogieal 
work, it has made important additions to knowledge, and also 
invaluable collections. The Directoi- of the Bureau of American 
Etl'.nologv. from its inception to 1;H)2. was Maj. J. IV. Powell, who 
has been succeeded as chief by AV. II. Holmes. 

ASTiaii’ii vsicAr, ousiaiVAToiiv. 

The Astrophysical f)})serA'atory was established in 1890 and has 
been under the immediate direction of Mr. S. P. Langley. Avho here 
continued researches previously l)egun at the Alleghimy ( IbserA’atory. 
These investigations of solar radiations made possible by IMr. lauig- 
ley's inA’ention of the bolometer, have i-esulted in the pi’odnction of a 
comj)lete map by an automatic and absolutely trustworthy j)rocess 
Avhich shows at the unknown region or iiunsible sjiectrum the lines 
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that resemble the so-called Fraunhofer lines in the upper spectrum. 
The study has been especially directed to that region of the spectrum 
which includes the greater portion of all those energie ; of the sun 
^Yhich alfects. through its heat, the climate and the crop. Its present 
director is C. G. Abbot. 

XATIOX.Vr. Zoor.OOK AL PARK. 

The Xational Zoological Park Avas establisheo liy ('ongress in ISDO 
for the advancement of .science and the instruction and recreation of 
the peojjle. and incidentally to secure the ]> resin- vat ion of such .Vmer- 
ican animals as Avere u}>on the verge of extinction. The [uirk is sit- 
uated on Pock Greek. 2 miles north of the center of Ahishington, and 
has an area of KiT acres. It is amply siqiplied. Avilh water, and its 
surface is of a varied and picturesque character. The collections 
conqirise about l.fOO animals. The park is in charge of a superin- 
tendent. Frank Baker. 
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By Madamc (’TRIE. i'hitnK dr ronrs a hi Snrbomird' 


YTicn one reviews the progress made in the department of physics 
within the last ten years, he is struck by the chan^-e which has taken 
place in the, fundamental ideas concerninir the nature of electricity 
and matter. The chana'c has l)een brought about in part by researches 
on the electric conductivity of itas. and in part by the discovery and 
study of the 2)heiionu‘na of radioactivity. It is. I believe, far from 
being' tini-hed. and we may well l)e sanguine of future developments. 
One point which appears to-day to be definitely settled is a view of 
atomic structure of electricity, whicli goes to confirm and complete 
the idea that we have long lield regarding the atomic striu'ture of 
matter, tvhich constitutes the basis of chemical theories. 

At the same time that tlie e.xistence of electi'ic atoms, indivisible l)y 
our present means of research. a|)pears to be e-tablislied with cer- 
tainty. the important properties of these atoms are aLo shown. The 
atoms of negative electricity whicli we call electrons, are found to 
exist in a free state, independent of all material atoms, and not hav- 
ing any ju'operties in common with them. In this state thev possess 
certain dimensions in space, and ai'e endowed with a certain inertia, 
which has suggested the idea of attributing to them a corresponding 
mass. 

Experiments have shown that their dimensions are very small com- 
pared with those of material molecules, and that their mass is only 
a small fraction, nut exceeding one one-thousandth of the mass of an 
atom of hydrogen, d'hey show aLo that if these atoms can exist 
isolated, they may also e.xist in all ordinary niafter. and may be in 
certain cases emitted by a substance .'Uch as a metal without its 
properties being changed in a manner appreciable by us. 

If. then, we consider the electrons as a form of matter, we are led 

''Translated, by perinissicn, tToiii Revue Si-ieiititiiiiie, Paris, .■)' .Serie, Xos. 20, 
2t, yol. VI, Xuveinber 17 and 24. lUOU. 

(dlieuiiiit leeturi’ of tlie course m ^eueral physics delivered at the Sorbouue, 
November 5, lUOG. 
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to put the division of them beyond atoms and to admit the existence 
of a kind of extremely small particles, able to enter into the com- 
position of atoms, but not necessarily by their departure involving 
atomic destruction. Looking at it in this light, we are led to con- 
sider every atom as a connilicatecl structure, and this supposition is 
rendered ju-obable by the comjilexity of the emission spectra ivhich 
characterize the dilferent atoms. We have thus a conception sulli- 
ciently exact of tlie atoms of negative electricity. 

It is not the '-ame for positive electricity, for a great dissimilarity 
appears to exist between the two elect ricitie-^. Positive electricity 
appears always to be found in connect ioti with materird atoms, and 
we have no reason, thu' far. to believe that they can be separated. 
t)ur knowledge relative to matter i- .tlsci increased by an imjiortant 
fact. .V new property of matter has been discovered which has re- 
ceived the name of radioactiilty. Padioactivity is the projKU'ty which 
the atoms of certain substances pos-^ess of shooting off particles, some 
of which have a mass comjiarable to that of the atoms themselves, 
while the others art' the ('lectrons. Phis pi-operty. nhich uranium and 
thorium possess in a slight degret*. he.s led to the discovery of it new 
chemical element, radinm. whose riidioacti vity is very grciit. .Vmoiig 
the particles expelled by nuliiim are some which are ejected with 
great velocity, itiul their expuLiou i^ accompanit'd with a consider- 
able evolutiott of heat. A radioactive bod'" constitutes then, a source 
of energy. 

According to the theory which b('-.t accounts for the phenomena 
of radioactivity, a certain proportion of the atoms of a radioactive 
body is tran-fornied in a given time, with the iwodnction of atoms 
of le's atomic weight, and in some cases with the exjtnlsion of elec- 
trons, This is a tln'ory of the trausinutatimi of elements. Put diff'ers 
from the dreams of the alchemi'ts in that we dedare ourselves, for 
the present at h'ast, unable to induce or influence the transmutation. 
Certain facts go to show that radioa<"tivity appertains in a slight 
degree to all kinds of matter. It may be. therefore, that matter is 
far from being as unchangeable or inert a- it was fornierlv thought: 
and is, on the contrary, in contimial transformation, although this 
transformation e-capes our notice by its relative slowness. 

In the beginning of the last century Coulomb and Amiiere 
regarded each of the two kinds of (-lectricity to be a fluid under tlie 
influence of central forces — re])ulsion existing between particles of 
the same fluid and attraction betweeti particles of different fluids. 
Such forces would be proportional in tin' electric charge of the par- 
ticles. and would vary in inverse ratio to the sipiare of the distance 
between them. Stalling with these hypotheses, and explaining 
suitably the obs,.i-\-,.J facts relative to the different nature of con- 
ductors and dielectrics, they coiistrttcteil a very perfect theory of 
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electrostatic phenomena. An analoirous theory for magnetism may 
he built iqi by assuming that the law of action l)etween two mag- 
netic jioles is alisolutely like the law of action between electrified 
jtarticles. The electric current was regartled as the flowing of an 
electric fluid in a conductor. To establish a theory of electro-mag- 
netics and electro-dynamic jihenomena. it is necesj-ary to bring in a 
tliird law of action-at-a-distance ht'tween the magnetic poles and 
the electric-current law of La|)lace. All these theorie-. in their 
entirety are founded on the laws of forces acting at a distance. in com- 
bination Avitli the coiicej)tion of electric fluids. 

Faraday, although contenjporaneous with this development, looked 
at the question from a ditfereiit point of view. He did not believe 
in the possibility or power of action-at-a-di-tance between electrified 
bodies, and thought that the forces which were exeivi'-ed between 
them resulted from elastic tensions whicli established themselves in 
the intervening medium. The>e elastic forces comprise a tension in 
the direction of the lines of force and a jiressure at right angles to 
them. In seeking to show the <lirect intluenci' of the medium he was 
led to the discovery of the inducti\T> power of dielectrics, and his 
belief in the essential part played by the intervening medium was 
thus strengthened. .According to Faraday, the surface of charged 
conductors are to he regarded as surfaces of sej)aration l)etween 
regions where an electric field e.xists and fields of zero iutensitv. 

lie was struck by the barrenness of tlu‘ I'florts that had been made 
to realize an absolute charge, and eha-tric eharges always ap])eared to 
liiin as the ends of tubes of force which travef'C the dielectric. 

iMaxwell. captivated by the ideas of Faraday, endeavored to ex- 
iflain them in mathematical language. He demonstrated that there 
does not e.xist in a matheinalical view any incompatibility between 
theoi'ies based upon laws of action-at-a-distance and Faraday's theoi-y 
of continuous action; and that by assigning a I'easonable value to 
the tensions and pressures which Faraday conct'ived to exist in the 
dielectric, an electrostatic theory could be constructed identical tt) 
that which is derived from the law of aclion-at-a-distance. While 
Maxwell does not specify precisely the nature of electricity, he 
treats of it generally as a fluid whose displacement in a conductor 
gives rise to a resistance jtroitortional to the I'elocity of the flow, 
while its displacement in a dielectric produces an elastic reaction. In 
a dielectric, disiflacenient can only occur at the time when the field 
changes. One of the essential ideas of iMaxwell was to consider the 
displacement of electricity in the dielectric as an electric current to 
which he gives the name of “ currents of displacement." Chirrents of 
displacement, according to ilaxwell. behave like ordinary currents, in 
the sense that they produce magnetic fields. Every open circuit in a 
conductor, following the opinion of Maxwell, is completed by a cur- 
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rent of displacement in the dielectric, so that there exist only closed 
circuits. 

The system of the six elitferential equations, called Maxwell's 
equations. ))rino’s out in mathematical form the relation which exists 
at each point of an electi-o-magnetic field between the current of 
displacement and the magnetic field, as well as l)etween the rafc of 
chatig(‘ of the magnetic induction and the resulting electric field. 
The^e pei'fectly symmetrical relations show tliat all variations of 
an electric field caiisi' a magnetic field, and vice \'ersa. Starting 
from these e(|uations. iNlaxwell pi'o\'ed that every perturbation of an 
electro-magnetic field should be propagated in a ^•acuum. with a 
velocity e(]ual to that of light in a vacuum, and he draws the conclu- 
sion that the medium which transmits electro-magnetic actions in 
the vacuum is the same as that which transmits light, and that light is 
very likely an electro-magnetic phenomenon. This conceittion has 
served as the basis of the electro-magnetic theory of light, now uni- 
versally adopted as the result of the experinu'uts of Hertz and 
niiinerous [ihysicists u|)on electro-magnetic waves. In the develop- 
ment of the ideas of Faraday and Maxwell, a preponderating 
influence was attributed to the role of the dielectric medium, so that 
little attention wa- paid for some time to tlu“ nature of electricity: 
and this (piestion was relegated to a subordinate ])lace. and received 
only an indii'('ct iuteri)retation. There was no longer the conception 
of charges of electricity localiz(‘d in a detorniineil region, nor of a 
Iluid flowing through conductor. The main conceptions were of 
energy localized in the dielectric medium atid the differential ecpia- 
tioiis which determine the field in the nuMlitnn. Keoenf progress in 
research Inn brought us back to a more concrete conception of the 
nature of electricity. 

Th(' first im])tds(‘ in thi.- direction was the result of investigations 
of electrolv'i-- and modern theories of this phenomenon. It was 
establislunl with certainty that the i)assage of electricity in the elec- 
trolyte i.s always accom])anied by the transportation of matter. Elec- 
trolytes are atpieous solutions of acids, bases, and mineral salts, or 
these bodies in a fused condition. It is now admitted that the mole- 
cules of a dissolved sub-tance are totally or lairtially dissociated 
in two ions — one ion formed by the metal, or hydrogen, and charged 
positively: another foi'ined by the acid radical, and charged nega- 
tively. Mhen there is set up in the solution an electric field the ions 
move toward the electrodes of contrary sign, transporting aciajss the 
li(|uid their charges, which they give uj) to the electrodes, and 
themselves become free in a neutral state. Tons are. then, the actual 
carriers of electricity in electrolytes, and the current is a current of 
convection. It follow^ from Faraday's laws that all monovalent 
ions carry the same amount of charge, (j. corresjjonding to bti.bOO 
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coulombs per gram of ions, rvhile an ion of valence, n, carries a charge 
nq. There can not be conceived in electroh'sis an isolated charge of 
electricity less than that carried by a monovalent atom, such, for 
example, as hydrogen in the ionic state. The atomic structure of 
electricity is therefore an immediate and necessary consequence of the 
atomic structure of matter. 

It is by no means evident, a priori, that this conception can lie gen- 
eralized and that the other known cases of conduction are susceptible 
of an iuialogous interpi-etation ; but this seems to l)e coming to pass. 
The study of the electrical conductivity of gases has borrowed from 
the theory of electrolysis tlie idea of cliarged ions, vehicles of the 
cuiTcnt ; and the jdieuomena are satisfactorily accounted for by the 
hypothesis that the current in a gas is a current of convection. But 
the vehicles of the current are not here the same as in an electrolyte. 
It is believed that an ionized gas gives rise to two ions, of which one 
is that minute thing which we call an I’lectron. the other being the 
remainder of the molecule depilved of the electron. By ingenious 
methods the number of ions present in a given volume of gas has 
been counted and the chaige carried by each, one determined. This 
charge is e<iual to that traiisporteil by an atom (.>f hydrogen in elec- 
trolysis. and thus we find this presented to us the sec'ond time as the 
smallest (luantity of electricity which can be isolateil. 

All the phenomena of conduction across a gas under the influence of 
ditferent forms of radiation oi- in the disruptive discharge at varying 
tension ap})ear to be susce[)tible to ex]>lanation by the theory of the 
ionization of gases. 

Attempts have been made to explain the conduction of metals in a 
similar way. and it is probable that this also may be considered as a 
current of convection whose vehicles are the electrons set free in the 
metal. Thus we arrive at the conclusion that electric curi'cnts through 
all forjiis of matter are currents of convection, or. in other words, the 
dis])lacements of electric charges. Besides this it has been proved 
that any such ilis})lacement gives rise to a magnetic field. 

The conception of the existence of atoms of electricity which is thus 
brought before us in the j)henomona of comluctiou plays an essen- 
tial part in modern theories of electricity like that of Lorentz. This 
theory retains the fundamental idea of Faraday and Maxwell, ac- 
cording to Avhich the electromagnetic actions are always transmitted 
from jdace to place in a continuous medium with a finite velocity. 
This medium is the ether of space, and the velocity is the velocity 
of light. The laws of variation of an electromagnetic field in the 
ether are expressed at each point by the equations of IMaxwell. and 
the causes which produce tin' electromagnetic field are sought in the 
existence of positive and negative atoms of electricity and in the 
motions of these atoms. IVe are thus returning to a conception w hich 
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I’ecalL the old idea of two electrical fluids, only that we distinguish 
clearly the atomic structure of these fluids, and we understand bet- 
ter the relations which exist between the atoms of electricity and 
matter, a I’elation which is the most important aspect of the problem. 

An atom of electricity in motion produces around itself an electro- 
magnetic field which accompanies the movement of the jiarticle, and 
which represents a certain quantity of energ;\' whose amount is 
greater the higher the velocity of the charged projectile. It is not 
jjossible to increase this velocity without the expenditure of energy, 
and in consequence the charged projectile is endowed with a certain 
inertia. In mechanics inertia is used as a measure of the mass, and we 
may say that the atom of eh'ctricitv po.ssesses mass on account of its 
charge. Computation shows that the mass dejtends upon the velocity. 
It remains constant when the velocity of tlie projectile is small (about 
one one-hundredth the velocity of light), but for increasing velocities 
it augments very rapidly and tends toward an infinite ^■alue when the 
velocity approaches that of light, so that this is a limiting velocity 
which can not be realized. 

It may be imagined that a grotij) of atoms of electricity, both posi- 
tive and negative, whose total charge is zero, possesses, nevertheless, 
inertia in consequence of the constituent electrical charges. This 
grotqt might serve as a model of a material atom. Thus may be 
]U‘oposed a more geueral form of mechanics than that customarily 
considered, which is based on the constancy of mass. The latter 
would be no more than a first ajiproximation to the truth, and holds 
good only for cases of motion where the A-elocity is not extremely 
great. Preliminary attempts have been made to explain universal 
gravitation between atoms constituted as alcove proposed. Alto- 
gether thest' studie- tend toward an intimate fusion of the idea of 
electricity and the idea of matter, so that the'e two conceptions may 
yet bo actually identified. 

riiis proposed constitution of the atoms serves as an excellent 
foundation for a theory of tlie emission of light or radiation by a 
body. Such emission may be regarded as consisting of electro-mag- 
netic waies of shoi’t jieriod. emitted by an atom Avliose constituent 
ions are in a state of vilmation. The same atomic structure serves 
also very rvell in the case of radioactive atoms. These atoms are in 
fact emitting corpuscles, some of which are electrons, others positively 
charged particles having a size comparal)le Avith that of atoms. 

But we Avill not now jjenetrate further the domain of these theories, 
but ttirn rather to examine some of the phenomena Avhich haA'e serA'ed 
as a foundation for their deA’elopment. It is Avell knoAvn that gases 
in their ordinary state. Avhen ex])o.sed to a AA’cak electrical field. liaA’e 
so insignificant a conductibility that they are regarded as remarkably 
good insulators. But it is not the same Avhen the gases are under 
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the influence of certain exterior conditions, as. for example, the 
Eoentgen rays, for in such conditions a gas becomes conducting. A 
charged electroscojte in connection tvith a metallic plate in ordinary 
circumstances loses its charge but slowly. If. however, a stream of 
Koentgen rays penetrates the air around the plate, the discharge 
jiroceeds rajiidly. It is not necessary for the Eoentgen rays actually 
to strike the plate, but suffices that the air be traversed within a dis- 
tance where the electric field is still sensible. This is shown by con- 
straining the Eoentgen rays to follow a tube impenetral)le to them, 
and thus shielding the plate from their path, so that it is certainly the 
gas which is modified and rendered conducting. We say that the 
gas is ionized, some of its molecides having been decomposed by the 
ravs. and that each of these has given rise to the formation of two 
ions laden with equal electric charg('s having opposite signs. The 
ions are put in motion under the influence of the electric field with a 
velocity which increases with th(‘ stnmgth of the field. If the elec- 
troscope is charged p()>itively. the negative ions are drawn toward 
and discharge it. while the positive ions go in the opposite direction 
and neutralize the charge found at the extremities of the lines of force 
which emanate from tlte })late. 

If the gas which has been under the influence of the rays is left 
to itself Avithout the action of any electric field to mo\e the ions, its 
conduetivity disappears spontaneously, and we say that the ions 
have recombined to form neutral molecules. 

There appear to lie iu the gas movable charged centers, tvliich travel 
toward the plate of the electroscope. These centers may be inter- 
cepted by means of a scrc'en of parailin. The screen should not 
itself be charged, as may be tested by means of a second electroscojte. 
The positively charged plate of the first electroscope may now lie 
covered with the screen, and the Eoentgen rays then allowed to act 
for a time. Xegative ions moving toward the charged plate are 
arrested by the paraffin, and they charge the screen negatively. 
This may be verified by again bringing the paraffin screen near the 
second electroscope. 

It may be shotvn that under the action of the Eoentgen rays the 
number of ions produced in a gas in a given time is definitely limited. 

The rate of discharge of the electroscope is measured by the rate of 
fall of the gold leaves: and it increases with the electric intensity of 
the charge, as may be ea.-ily understood. Therefore, the stronger the 
electric field and the greater the velocity the less is the chance that the 
opposite ions draw together. But for a charge sufficiently great, the 
rate of the discharge no longer depends on the amount of the charge 
and does not increase as it augments. Ihuler the-.e circumstances there 
are no longer any recombinations of ions; they are all utilized for 
conducting the current, which can not e.xceed Avhat they can carry. 
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ISuch a cuirent is called a current of saturation. It is constant for a 
given intensity of radiation independent of the sign of the electric 
charge. 

An important difference shows itself between the properties of posi- 
tive and negative ions. This difference is easily shown by the gases 
of flames. These gases are ions and conductors, and the approach of 
flame promotes the electric discharge. Contact with the flame is not 
necessary. It is sufficient that the ions are produced within the region 
covered by the electric field. The attraction of the charge of the 
electroscope suffices to draw from the flame the ions of contrary sign, 
which neutralize it. and this jdienomenon takes place, whatever the 
sign of the charge. Tfut an isolated flame placed between the two 
plates of a charged conden^^cr inclines toward the negative field; 
hence we conclude that the flame is then charged positivedy. This 
is because the negative ions produced in the flame are smaller and by 
far more active than the jiositive ions, so that they are more easily 
drawn frf)in the flame, and thus there is left with it an t'xcess of posi- 
tive electricity. In a <a)ld gas th(' [tositive and lU'gative ions have :i 
nearly equal mobility, which is less than that found in a warm gas. 
They are thought to b(‘ in this case formed by the agglomeration of 
molecules grouped by electrostatic attraction tihout the chargefl 
centers. The dissimilarity Ijctween positixe and negative ions mani- 
fests itself in certain cases even in their formation. This is shoxvn. for 
exainjile. in what is called the ixhenomenon of Hertz: t’ertain nega- 
tively charged metals, such as zinc, lose their charge when illuminated 
by ultraviolet light, but if the charge is positive the illumination pro- 
ditces no discharge. Tt seems to be proved now that zinc and some 
other easily oxidizable metals has the property of spontaneously giving 
off' electrons under the action of tfltraviolet rays. If tlu* emission is 
given otf in a vacuum the electrons are able to ac([uire a very high 
velocity in an electric field, and they comport themsidves then like 
the cathode rays of Crookes tubes. If the emission takes j)lace in 
the air at ordinary pressttre tin* electrons surround themselves with 
agglomerations of neutral molecules, and form ions of little activitv. 
like those ions which are formed in the air by the Tvoentgen rays. But 
in either case the discharge is nonreversihle and takes jilace only if the 
metal is negatively charged, for the metal is not able to emit negatix e 
electrons if the de])arture of them is obstructed by the attraction of a 
positive charge residing upon the metal. 

Thus we see xvhy it is that gases may become conductors under the 
influence of certain radiations, or of the combustion of flames. It 
has been knoxvn for a long time, however, that xvithout any of these 
influences a gas can not prex-ent the pa.ssage of electricity when the 
field is sufficiently strong. The jihenomena of the disruptive dis- 
charge, including the spark, the arc, and the brush discharges, have 
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long been known, and they take various and complicated forms in 
the air at ditferent pressures; but until recently they have been very 
little understood. The theory of gaseous ions has thrown a new light 
upon this manner of discharge. As a result of recent researches, the 
disruptive discharges can be explained by assuming that the ions 
which have acajuired a sufficient velocity under the action of an elec- 
tric field are able to act as jjrojectiles. which, coming in contact with 
the molecules of gas. ionize them ))y the shock which they jn'oduce. 
Xegative ions are much more active ionizing agents than the posi- 
tive ions, and can produce these etl'ects in mon> feeble fields. It may 
be conceived, then, that the ions being luultijilied l)y the shock of 
those already present, the conductibility of the gas becomes very 
great when the field is sufficiently strong, and the ionized gas is then 
luminous. 

ddie cathode rays, Avhich are jiroduced when the discharge is made 
to pass in a tube containing a gas und<‘r low pressure, are the elec- 
trons sent oil' liy the cathode with a great velocity. Since these elec- 
trons iind the ])ositi\'e ions have difi'enmt pro])erties. the discharge 
tube takes on tlu' well-known dys-symmetrical appearance, which the 
theory of the ions readily explains, but for which no other interjire- 
tation has suffi<’ed. 

The Ivoentgeu rays, which are emitted from a Crookes tube, are 
believed to be in reality electromagmu i-' wav('s whose Avave length 
is very short. Such wa\'es as these are supposed to be emitted by an 
electron whenev('r it is subjected to an abrujit acceleration, such as 
is produced, for e.xam])le. wlien tiu' electrons of a tnetal are jnit in 
vibration by the impact of cathode rays. 

In accordance with vliat has be(*n said, all gases which show them- 
selves conducting contain the diaiged centers which we call gaseous 
ions. The jiresence of these chaiged centers may be made eiddent 
by means of a very curious experiment, which utilizes the propertt' 
Avhich ions have of promoting the cotideiisatiou of supersaturated 
water vapor. IMien the volume of a certain ma-s of -aturated water 
vapor is rpiickly increased the vapor condenses to the extent to Avhich 
it is supersaturated, but if the supersaturatiou i- not \ery great, and if 
the Awssel I'ontains no diist. there is no noticeable condensation at tlu' 
moment of change, and the gas remains transparent; but when the 
gas contains ions the condensation talae place readily — that is to 
say. with a smaller expansion. It is easy to regulate the e.xjiausion 
so that there will be no condensation Avhen the gas is not ionized but 
an abundant condensation if ionized. In the latter case the con- 
densation manifests itself by the formation of an opaque ( loud which 
fills the receptacle. Investigation of this jihenomenon has shovn 
that the globules of Avater. Avliicli constitute the cloud, form them- 
selA'es upon the ions, each of Avhich seiwes as a center for one of them. 
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Ingenious experiments have made it possible to count the globules 
present in a cubic centimeter of cloud and thus to obtain the number 
of ions present in this volume. By measuring, in addition, the total 
charo-e of the ions of each sien in a cubic centimeter the individual 
charge of the ions is deteimined — that is to say, the charge of a single 
atom of electricity. This charge is equal to li.4 times 1(H" electro- 
static units. In order to show this })henomenon the gas may be 
ionized by the introduction of a glowing platinum wire, and it will 
be recognized that there is an energetic ionization of the gas sur- 
rounding the incandescent body. 

We will now pass to the essential facts revealed by the study of 
radio-active substances, and exandne them from the point of view of 
the hypothesis of the atomic transformation of matter. Among 
the radioactive elements. >ome appear to be permanently active 
(uranium, thorium, radium, actinium) while others lose their radio- 
activity little hy little (polonium). The most powerful representa- 
tive of the permanently radioactive subr'tances is radium. Accord- 
ing to the theory of transformation this substance changes very 
slowly, so that a given mass of radium would lose Indf its weight 
oidy in several thousand years. Conse(|U(“ntly the ijuautity of radium 
which disajipeai’s from a gram of this substance in an hour is 
absohitely inaccessible to (“xpi'riments. However, a gram of radium 
disengages each hour about 100 calories of heat. To conceive how 
enormous this disengagement of heat is. we remarit that during th(' 
life attributaljle to radium the com])lete transformation of a gram of 
this substance would produce as much heat as tin* combustion of a 
ton of coal. The transformation of radium, then, if transformation 
there be. is not to l)e regarded as an onlinarv chemical reaction, for 
the quantity of heat inrolved is of a far higher order. One is led to 
conceive, rather, that the atoms themselves are transformed, for the 
([uantities of energy put in play in the formation of atoms are 
probably considerable. 

Indeed, the jdienoniena of radioactivity has a palpably atomic 
character which was brought to light in the beginning of researclu's 
on the subject. It was precisely tlie ab-olute conviction that we were 
dealing with an atomic phenomenon which led iM. Curie and me to 
the discovery <if radium. If the radioactivity can not be separated 
from the atom it is tery difficult to conceive anything but the atom 
itself involved in the transformation. 

The eti'ects produced by radium are very powerfttl considering 
how small is the quantity of this siil)stance at disposal for experi- 
ments. There is a spontarieous and continuous emission of rays, 
analogous to those Avhich we know ai'e produced bv means of an 
induction coil in a Crookes tiilie. and these rays produce ionization 
of gas in the same manner. They are able, for example, to produce 
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tlie rapid di-cliarge of an idectroscope. Tim eneigy of the rays is 
so great that the discharge is produced even across a thick metallic 
screen, for the rays can tra verse such a screen. 

Some of the rays comprise electrified particles moving with very 
great velocity. Some are charged po'-itively. and their dimensions 
are comparahle ivith those of atoms; while others are negative elec- 
trons, whose electric charge may lie shown by direct e.xperiments. 
Admitting that all these iirojectiles come from the atoms of radium 
themselves, it is difficult to avoid the conclusion that the departure 
of a positive particle must necessarily cause a modification of the 
atom which expels it. 

Among the electrons emitted there are some whose velocity is enor- 
mous, and is in fact no h'ss than niue-t('nths the velocity of light. 
It has been found that the mass of the'C ju’ojectiles (whidi are the 
most rapid that we know of) is greater than that of slower-moving 
electrons, and this result may be considered as a confirmation of the 
theory according to which the lua-s of an electron is regarded as the 
result of electro-magnetic phenomena. 

The energy of the ray> of radium is also manifoted by their capacity 
for exciting the luminosity of various phos[)horescent substances. 
Ivadium salts are. imleed. themxdves luminous, and the light is 
readily visible in certain conditions. 

Here are now a lU'w series of facts which are inler])reted by the 
theory of radio-active transformation, lladium disimgages continu- 
ously a substance which behaves like a gaseous radio-active material, 
and which has received the name of flu: ciinnKttlon. Air which has 
been in contact with a solution of radium salts is charged with tlu^ 
einaiiatioii. and may be drawn away and studied. Air containing the 
emanation is strongly conducting. .V sealed glass tube in which tlu‘ 
emanation has been imprisoned acts on the outside like a j'adioactive 
substance, and is able, for examjile. to discharge an electroscope. 
AVhen the emanation is drawn into a flask containing zinc sulphide, 
the latter becomes luminous. The emanation is an unstable gas and 
siiontaneoiisly disappc'ars. (wen from a sealed glass tube, at a rate in 
accord with ;i strict law. by which a given (iiiantity of emanation 
diminishes by half in about four days. The emanation [)os~esses 
the property of imparting radioactivity to all the bodies in contact 
with it. and such bodies are said to possess induced radio-activity. 
Here is a tube of glass which did contain emanation, but contains 
it no longer, for it has been purged by a current of air: nevertheless 
this tulie continues to act as a radioactive body, and is able to dis- 
charge an electroscope. Hut this induced radioactivity is evem less 
durable than the (mianation: it disappears spontaneously and dimin- 
ishes b}’ half in a half hour. 

sii 1000 S 
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Ill the theory of atomic transformation the emanation of railium 
is the first product of disintegration and is transformed in its turn. 
The induced radioactivity to which it gives rise is considered as due 
to a solid radioactive material, which results from the transformation 
of the radium emanation. Three ditferent radioactive materials are 
distinguished in the induced radioactivity, which constitute three 
successive terms of the transformation. Each transformation is also 
accompanied by the emission of rays, and the expelled particles are 
also counted among the resulting jirodncts. 

Induced radioactivity docs not disappear completely; but there 
remains after the lapse of a day a very feeble r 'sidue which persists 
in 2Rirt for years, and which is believed to be i Idiiig new terms to the 
series of successive transfoi'inal ions. 

A new fact of great interest has com ■ ihe sipiport of the theory 
of the transmutation of radioactive ■ i, 'lances, and has. indeed, made 
it almost indisjiensable. It lue oeen jiroved that radium, a jier- 
fectly dilinite chemical ('leim at, produces continually another jier- 
fectly definite chemical (‘lenunit, helium (Kaiusay and Soddy). It 
is admitted that helium is one of the products of the disintegration 
of the atom of radium, and it i' noteworthy that helium occurs in 
all the radium-bearing minerals. 

The theory of tlie radioactive transformation has lioen extended 
to all the radioacti\'e liodies. and iine-tigatioiis have l)e(‘n mad(> to 
determine if the radioacti\e substances heretofore considenal as ele- 
nu'nts are not to lie d(‘ri\('d from oni' another. 'Fho oi-igin of radium 
itself has been sought in uranium. It is i\ell known that radium is 
found in tlu' uranium-bearing minerals, and it ap^iears from recent 
researches that the jiroportiou lietweeii the ({U.antities of radium and 
uranium is the same in all these minerals. Uranium may. then, be 
thought of as a mother substance, tvhicli disintegrati's with extreme 
slowness, giving place to the jiroduction of radium and the jiroducts 
which succi-ed it. It ajipears al-o to lie jirobable that the last term 
of the radioactive series i- jMilouium. It may be recalled that ura- 
nium was tlu‘ substance in whieh the projierty of radioactivity was 
discovered by II. Beccpierel. and jiolonium is the first new substance 
which was discovered by the aid of the phenomenon of radioactivitv. 

.V series of analogous considerations lias been established for an- 
other radioactive substance — thorium. In this case thorium as a 
primary substance generates radio-thorium, a substance recently dis- 
covei'ed, which gives rise to the gaseous radioactive emanation of 
thorium and various products of radioactivity iniluced bv this emana- 
tion. Actinium also gives place to a sei'ies of transformations simi- 
lar to those of thorium, and it. like radium, pi'oduces helium. 

All the radioactive substances which have been studied sufficiently 
from the jioint of view of their disintegration follow a law of decreas- 
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ing progrrebsioii. cliaraftorizod by a constant coefficient. This coeffi- 
cient may be defined as the time reqnii'cd for the diminution of the 
activity by half. These constant.s appear to be independent of the 
conditions of experiment, arc characteristic of the sub.stance to Avhich 
they atipertain. and seem to be callable of fixing an absolute scale of 
time. Thus the emanation of radium diminishes by half in about 
four days. Avhile that of thorium diminishes by half in about one 
minute, and that of actinium in alxnit four .seconds. 

I have already stated that the radioactivity is a general property of 
matter. If the theory of radioactive transformation continues to 
inspire a glowing degree of confidence, it will I’esult in an important 
consequence for geology, and will lead to a careful study of the pro- 
portions of the elements occurring in rocks, with a view to deduce 
their relative ages. 

It is plain that the hypotho.sis of radioactive transformation is 
well adapted to the present state of the science of radioactivity. 
It was among those proposed by 31. Ciu'ie and myself at the begin- 
ning of our researches on radioactivity;" but it has received its 
precise development l.iy Iliitherford and Soddy. to whom it is for 
this reason gem'rally attributed. It seems to me. however, better 
not to leave the domain of denumstratcsl facts, and not to lose sight 
of oth(“r explanations of laidioactivily vhich liavi* beim jiroiiosed. 
'I he actual state of the seiema' (hies not seiun to me far enough 
advanced to warrant a positive conclusion. 

Ill closing, the general importaiiee of the phenomena of radio- 
activity may lie recalhsl. For physics tlie I'adioactive substances 
constitute a new inqilement of n'seardi in consequence of the ravs 
they emit, and tht'v have actively contriliuted to the development 
of the thi'ory of the conduction of gas and of the nature of the 
electron. By their numerous chemical and plivsiolocical effects, 
and their possible inlluence on meteorology, these substances extend 
their splu're of action in the domain of all the science of nature: and 
it is probable that their importance for the development of science 
will go on increasing. Finally, it has been shown that there is 
nothing absurd in supposing that the energy we receive from the 
sun may be in jiart. or even in total, due to the jiresence of radio- 
active bodies which it may contain. 

« ilme. Curie. Revue eeiuTale des t^eioiK e.... .lauuary IS'.I!), aiul Revue Heieii- 
titiijiie. .luly IIIOO. 
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In Dpcembor. 1R9.'), E(mt<i'on mndt' lii.s first communication regarrl- 
injt the X-ravs to the physical medical society in IViirzl)urg’. and early 
in hS'.Ki Bec(iuerel suhinitted to the Academy in Paris a treatise in 
which it was authoritatixely announced that he also had discovered 
a species of rays not less xvonderful. namely, those emitted by the 
radioactix'e sid)stances. 

A decade only has passed since then, but a decade so fruitful in the 
discovery of new facts, so radically revolutionizing' opinions and 
views maintained for a century and apparently unassailable, and so 
suddenly lighting up for ns regions hitherto shrouded in deepest 
obscurity, that another like it can hardly be pointed out in the history 
of physics. And since it is incumbent on me to-day. after the old 
academic custom, to enter upon the office of prorei'tor with a short 
address relating to my special department of I'esearch. I feel that T 
can choose no more tilting theme than radioactivity. I believe that 
not onlv the recent phenomena in this held, but also the attempts at 
their explanation and a statement of the new views which now obtain 
regarding the constitution of matter, will prove such as to arouse 
interest far beyond the circle of those coucerne<t mainly with physical 
science. 

In his hrst trecitise on the X-rays. Eilntgen drexr attention to the 
fact that they jmtceeded from those jtarls of the Eiiiitgen tubes 
where the glass, umhu' the inthieiice of the impinging cathode rays. 
slK)wed the most fluorescence. It thereh )re seemed possible that the 
existence of these mysterious rays was in some way dependent on 
])reviously acquired fluoresceiice, and many physicists tried to ascer- 


« TrauslaTed. liy iJcnuissioii. from KcUcii. ueluilti'U in Uer Kuiist-uiict Festhaile 
aiu lU Mai I'.lOU bid der urteiitliclieii Feier del’ Flier.yalie des I’rorektorats der 
Fiiiversit.'it Fivibura' i. Br. X’oii deni a litreteiideii I'rorektur Prnf. Dv. Theodor 
-Vxenfeld and deni antretenden Prorektor (Jell. Ilofrat Prof. Ilr. Franz Himstedt, 
Freibui's i. Br, Uuivei'sitiitis-Buclidruckerei U. Hochreuther, 1000, pp. 31-03. 
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tain with the well-known Balmain rlyes. which become luminous 
after exjiosure to the light, if results could be obtained resembling 
those with a Eiintgen tube. 

Similar attempts by the French physicist, Henri Bectjuerel, were 
crowned with .success in an unexpected direction. He exposed a 
uranium salt to the light, and then placing it in a dark room on a 
photographic jilate covered with opaque paper he demonstrated the 
action of these rays on the plate through the paper, thin sheets of 
metal, etc. Ihit the suppos(‘d and sought-foi’ relation of the rays to 
the previous fluorescence was not evi<lent, for Becquerel obtained pre- 
cisely the same results with jjreparations of uranium which had not 
only not been previously exposed directly to the light l)ut had pur- 
po.scly been kept sometime in darkness and could therefore display no 
stored-up lundnescence. He had, however, discovei'ed the uranium 
or Becrpierel rays. Prof. C. C. Sehnddt. in Erlangen, afterwards 
obtained similar results by experiiiHuits with thorium and its com- 
liounds, and thus became the discoverer of the thorium rays. 

At Becquerel's suggestion Hadanu* C’lirie undertook a systematic 
investigation of all the chemical elements and established the fact 
that with none of tlieni. excepting uranium and tliorium. could an 
api)reciable ell'ect indicating rays be obtained with lier apparatus. 
On the otlier hand, she found that many of the minerals investigated 
.showed noticeable action in this direction. The fact that a few of 
them, the uranium pitchblende, for (‘xample. from Joachinisthal, 
Bohemia, emitted rays three or four times strt)nger than those of 
pure uranium, and which could not thei'efoi'e be announca'd as 
uranium rays, led her to suppo.-e that in the ])itchblende itself. a])art 
from the uranium, thert' must (‘xist a still nioi’c powerful radioactive 
substance. It is a matter of record how. in this research, which 
might .serve as a model fur such work, slu' and hei' husband, so soon 
afterwards to lose his bfV py a deplorable accidimt, sucia'cded in 
tracing this supposed substance more and more accurately, ami finally 
in obtaining it ])ure. Madame C’urie tliiis became tlu' discoverer of 
radium, a new element })o.ssessed of wonderful, (jf fabulous (|ualities. 

Besides Madann* Curie no other investigator but Piofessor 
Braunschweig, so far as I know, has yet succeeded in obtaining pure 
radium. The diiliculty of conducting this re-earch will 1)<> appre- 
ciated when I refer to the fact that out of a carload of pitchblende 
from Joachinisthal, the mo^t rich in radium of any material so far 
known. Madame Curie securei] in all but one-fourth of a gram of 
radium chloride. Out of a ma^s of l.bUt) kilograms to secure its 
lour-inillioiith jiart. in a sub-tance evenly diffused through it, is a 
record of chemical analysis which surpas.ms a hundredfold all jire- 
vious work of the kind, and success in this attempt became possible 
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only because the siiltstanee sought for possessed the exceptional 
quality of radioactivity. 

A radium crystal emits three ditferent types of radiation, which, 
as suggested by Eutherford, one of the most successful investigators 
in the domain of radioactivity, have been designated as a. (S, and y 
rays. The existence of these rays can not be directly perceived by 
any of the senses: Ave are only indirectly made aAvare of their pres- 
ence by the phosphorescence which tliey excite, by their action on a 
photographic plate, and l)y the electrical conductivity which they 
arouse in the atmos[)here and in the gases. 

IVhen we see a radium crystal shining like a glowworm in a 
darkened room, it is because the crystal itself has been excited to 
tiuoresconce by the rays, exactly as a Riintgen screen or the Sidot- 
bleude can be made Huorescent by the same means. The sensation 
of light experienced when the crystal i-^ laid on the temple or on 
the closed eye is due to the fact that every jiart of the eye itself, and 
especiallt’ the lens, becomes lumine.'cent under the influence of the 
radium rays. 

The most important ijroperty discovered in the investigation of 
radioactivity is tlu' power of the rays to remler the atmosphere and 
the gases. Avhich are generally gooil insulators, electrically con- 
ductive. If we charge an insulated body like the ball of a gold 
leaf electroscope with electricity it will be an hour or more before 
Ave can detect any diminution of the charge by the slightest diver- 
gence of the gold leaf: but if we bring a radium ])reparation into 
the vicinity of tlu' instrument the leaves suddenly collapse and the 
electrical charge disa[)pi-ars almost in-tantly. If in.stead of the 
electroscope A\e take oiu' of our highly xmsitive electrometers. Ave 
liaA'e a mode of experiment a thousand times more sensitive to the 
slightest traces of radioa'-tivity than any other known method of 
[)hysical and chemical analv'-is. d’his apparatus. A\ith the helpful 
aid of photography, has been of vast use in determining the direc- 
tion of tlu‘ a. /I. and y rav'-. and have thus added materially to our 
knoAvledge of the subject. 

The a rays act like positively charged bodii-s of the size of the 
chemical atom Avhich are [)rojected fixaii raAlium with the greatest 
A’elocity. Tlu'y are so slightly penetrating that a sheet of paper is 
inqjervious to them, and they are ab--orb<“d by a layer of air a few 
centimeters thick. 

The /3 rays are negatively chaiged bodies, which in every regard 
resemble the cathode rays produced in a Amcuum tube Avhen an 
electric charge is s^nt through it. flliese rays have become Avideh" 
knoAvn from the fact that the Kbntgeu rays originate at the point 
Avhere the cathode rays meet with an obstacle. 
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The y rays are analogous to the most penetrating X-rays, and 
act on a photographic plate and llontgen screen through a sheet of 
lead 10 cm. thick. Many observations indicate that the y rays 
originate through the /? rays in the same -way as the Eontgen 
through the cathode rays. 

In radium ue have not only an everlasting lamj:). a fountain of 
light shining day and night, but in this mysterious substance Ave 
have also a stove Avhich constantly radiates Avarmth Avithout having 
been itself heated. A gram of radium produces 100 gram-calories 
every hour. A kilogram of radium Avould Avarm a room, and if Ave 
should Aveigh our supply of fuel at the end of the AA’inter Ave .should 
lind it to be still a kilogram and still giving out the same amount of 
Avariuth. ^Vn admirable Avay of heating, one Avouhl think, but not 
cheaj) after all. f(jr a kilogram of radium, if it could be ])rocured. 
Avould cost 100.000.000 mark'', about Sd.l.OOO.OOO. E\'en if one had 
the money, such a mode of heating could not bi' ado])ted on account 
of the no.xious ehect of such a <iuantity of radium. Avhich if left 
uncovered in a room Avould destroy all life there within twenty-four 
hours. In spite of eA-ery itrecaution. iiiA'cstigators Avho have worked 
Avith radium have sutl'ereil from abscesses and the like. Avhich proA'e 
remarkably difficult to heal. If the finger i- held for a fcAv minutes 
over 20 to hO mg. of railium the skin is infianu'd and peels offi in 
from eight to fourteen days. The.se experience-' have given rise to 
the idea that the radium rays might be used in the treatment of 
malignant tumor.s — that is, lupus and carcinoma — but it is as yet 
impossible to say Avliethor or not thc'C aAvfnl scourges of htimanity 
may be successfulh- treated in this Avay. 

It is not. hoAvever. improbable that the healing poAvor of raditim 
ha-' contributed for centuries to the aid of nuiidiind. as research has 
proved that all natural "jArings contain radium emanations, and that 
the (piantity is greatest in the well-known healing, thermal springs. 
This may be a mere coincidence, but the established fact that the 
healing power is greater in the waters Avhich ])Ossess the greatest 
amount of radioactivity. fuA’ors the theory of cause and ell'ect, as does 
the fact that thest' Avaters Avhen carrietl to a distance lose .something 
of their curative lauver and their radioactivity at the same time. 
Swamp and fango earth jAosspss a not inconsiderable rpiantity of 
radium. Avhich apjjarently indicate.s that the curative p(Awer of baths 
of this sort is in projAortion to their radioactivity. 

Sinc(' all sju-ings pos.sess i-adioactivity and traces of the same projA- 
erty are found in subterranean streams, we must (b'aAv the astonishing 
conclusion that this rmnarkable element is widely distributed through- 
out the interior of the (‘arth. an element of Avhose existence no one had 
a susjhcion a decade ago. and of which up to this time Ave luiA'e been 
able to isolate only the most infinitesimal quantities, hardly more 
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than a ^ram in all. IVlien we consider also that radinm constantly 
produces heat, the question is forced upon us whether this store of 
heat has not already played an important 2tart in the constitution 
of the earth, and whether it may not now do so. Indeed, we may 
ask the still more astonishing question, whether heat production by 
the means of radium may not be consitlered in connection with the 
heat of the sun on which all life on our glol)e depends. 

If Ave combine the Kant-La])lace hyimthe'-is of the origin of our sun 
system trith the jtrinciple of energy. Ave reach the conclusion, as 
Helmholtz has sIioaa ii. that the existing supjjly of heat in the sun may 
liaA'c arisen from the process of contraction, through which it aauis 
formed in the beginning out of chaotic masses of nebuhe, and that 
the continued radiation of heat by the suii is causcAl by the uoaa- 
sloAA'er Ijiit still progressiA’e contraction of the sun's mass. It is cau- 
dent that if the existent amount of ra.dium produces such enormous 
quantities of heat, aac must suj>po-e the proce-s of contraction to luiA’e 
lu'ocec’ded corresjAonAlingly slower, ami aac may therefore assume a 
much longer existence than li(‘r«>tofore 'UiAposed. in the jiast as aa'cII 
as in the future, fur both the .sun and the eartli. a conclusion AA'hich 
agrees AA'ith the A'ast periods (»f geologic doA’elojmient established by 
quite different facts and researches, .sstill this and similar <iuestions 
to AA’hich the discoA'ory of radioactiA’ity has given rise must remain in 
abeyance so long as the chief problem. Avhence <loes raditim derit'e 
its omitted energy, remains unsolved. AVe have asserted that a crys- 
tal of it constantly emits a. /i. and y rays, can diffuse noticeable quan- 
tities of heat ami. te-ted by the most exact measuring instruments, 
still remain the same. How can this be reconciled Avith the laAv of 
the conservation of eitergy. Avhich avc kuoAv all the jArocesses of nature 
obey? "The tmiverse." says Helmholtz, "has its limited sup^Aly 
of energy. Avhich Avorks in it under ever-varying forms, indestruc- 
tible. incajiable of increase, eternal, ami unchangeable like matter." 
AAT define {ffiysics as the science Avhich treats of the transformation 
of energy Avhile conserving the (juantity. A\'e distinguish between 
mechanical, chemical, and tdectrical em'rgv. the energy of sound, of 
light, of heat, and avc assert that all i)hysical processes in nature con- 
sist only in the change of oiU' kind of energv into the equiA'alent 
quantity of another. Xo eiicigy can Ix' lost, and none can l)e created. 
AAdien Ave see. therefore, that I’adium is continually giving out energAU 
and this fact is absolutely proved by manifold experiments, Ave are 
compelled to ask. AA'hence comes this energy anil from Avhat is it 
deri ved ? 

Xone of the jAroc'esses of nature hitherto knoAvn to us can giA'e the 
ansAver. and Ave are confronted by a ijerplexing alternative: The 
lArinciitle of energy. Avhich Ave haA'c hitherto held to be the highest 
guiding laAv of the natural sciences, is false, or there are natural 
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processes we so far have had no conception of and in which a mil- 
lion times greater amount of energy is set free than any we have as 
yet heen in a position to investigate. 

Some time ago a happy combination of circumstances relieved ns 
of this painful uncertainty. Observations in various fields — in 
optics, electricity, and radioactivity — have worked together to point 
out what these processes might be, and we have been fortunate enough 
to observe directly such an illustration. 

All the processes hitherto known to us may l)e described as molecu- 
lar: our cluMuistry is a chemistry of the molecule'. We have investi- 
gated how tlie molecule' may be built up out of the atom of the 
chemical elements or may be disintegrated into atoms again, and Ave 
ha\'e learned to measure the energy thus transformed. The chemical 
elements and their atoms haAc hitherto been for us the completed, 
the fixed, building stones Avhicb all science has tried in A ain to trans- 
form. But noAv Ave bc'liexe that Ave have advanced a '•tep farther, and 
are able to shoAv that the elements are not unchangeable, the atoms 
iKjt indivisible. 

It Avas unquestionably one of the gTcatest strides forAvard in the 
domain of physics and chemistry when the fruitless speculations and 
senseless e.xperimeiits of the alcln'ini'-t Avere brought to an end by the 
ever-strengthening theory that tli<> tiniverse Avas built up of atoms, 
of a limited number of simple, unchangeable, chemical elements. 
The brilliant deA’elopinents and groat achievements of chemistry were 
not k"^s adaiked to su[Aport this theory than the ]Arevious but always 
fruitless attempts to disintegrate the chemical elements, to divide the 
atom. 

On the other hand, one may not noAv .assert that the separate ele- 
ments stand unrelated to each otlu'r. but must rather acknowledge 
their interdependence. 'I'he most striking demonstration of this is 
the periodic systt'ui of the elements formulated by Lothar Meyer and 
Mindeljetf. Avhich clearly shoAvs that tli(‘ jArojterties of the elemi'iits 
are jieriodic functi(ais (if their atcmiic AAeight. A lien observing, for 
example, the grouj) Li. Xa. K. IJb. (Y. (qeinents of remarkably similar 
characteristics, is it not sur|)rising that I have the atomic Aveight of 
each succeeding one in tin* column if I add IXl*' or oXlb to the [U'e- 
cedingt That this is the conbrmatiou of a hiAV and not a chance 
iday Avith figures is jiroved by the fact that Xlindeljetf, because of the 
gaps in his tables. proph("-i('d that such and such eh'inents, Avith cer- 
tain characteristics. Avould be found, and they Avere found — gallium, 
scandium, germanium — exactly a-' he had foretold. IVhat is the sig- 
niticance. then, of the IXB> and the ;*>Xt*i in the above examjAle t 
IVould that I could soh’e that, but it is beyond my power. 

Every chemical element gives out, like a gloAving v'aiJor. a spectrum 
in Avhich the colors are not continuous and merged into each other 
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as in the rainbow, but which in the spectral ajjparatus are shown as 
a smaller or larger number of luminous lines characteristic of the 
element in question, and separated by dark spaces between. These 
lines have been divided into series, which show us that the light 
emitted by an atom consists of a number of separate vibrations, which 
may not, after the analogy of acoustic phenomena, be regarded as 
the fundamental tone and the overtone, of a vibrating body, but show 
that the atom must consist of a larger number of minute bodies, 
themselves vibratory. 

In the sun, where the temperature is about twice as liigh as the 
most intense Iieat in our jEiwer to produce, the number of elements is 
smaller than on the earth. In the stars, whose temperature, like that 
of Sirius, for example, is higher than that of the sun. the number of 
the elements is still smaller. Is it not reasonable, then, to suppose 
that the number of elements in a heavenly body depends on its tem- 
perature and that through heat the complex elements are subdivided 
into simpler ones? Yes; and if I could only accomplish that through 
experiment, but it is again beyond my power. All these and many 
similar phenomena indicate a possible disintegration of the elements, 
but they do not avail to i)roduce the experimental proof. However, 
such a thing has now become possible. “ Bodies which are smaller 
than the atom " have been found by an exhaustive investigation of 
the cathode rays, to which the most distinguished ]>hysieists of every 
country have devotetl their science and skill, J. J. Thomson, of Cam- 
bridge. standing in the first rank among them. 

AYe speak of the cathode rays, now so often mentioned, as of a 
stream, like water, for. as before stated, they consist of a current of 
the most minute i^articles, carrying a charge of negative electricity 
and moving with the greatest swiftne.ss. But how explain the fact 
that these rays, these iiarticles. can go through solid bodies without 
harming them? Siu-h a thing would be impossible unless the par- 
ticles are so minute that substances as impenetrable as wood, or metal 
even, would be to them like a coarse sieve. 

At the first glance it seems against nature that anything should 
pass through iiajii and steel jdates, until we remember that it is only 
a question of relative size. The elephant needs a door at least 2 
meters high and 2 wide, and then perhaj)s goes through this great 
opening less easily than most bacteria through the million times 
.smaller meshes of the finest hair sieve. Why not, then, pictui-e to 
ourselves forms which are a million times smaller than the smallest 
bacteria ? It is only the question whether or not we can prove that 
such really exist. AYe have thus, you see, to demonstrate the dimen- 
sions of a cathode ray particle. Direct measurement in this case 
is still less jjossible than the measurement of an atom. How- 
ever, through the ingenious combination of the results of several 
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researche.s. we are able to comi^are niathematically the size of sucli 
particles with the size of an atom. 

I have already referred to the fact that the cathode rays cariy a 
negative electric charge, and it has been demonstrated that each 
particle contains a so-called elementary quantity of electricity, or the 
amount that an atom of hydrogen carries through the galvanic 
stream at the decomposition of water. We should therefore think 
it I’easonable if such a particle were of the same size as the hydrogen 
atom. On the contrary, the astonishing fact appears that the size 
of a cathode-ray particle is at least one thousand times less than that 
of the hydrogen atom, the smallest of all hitherto known atoms; 
that is, a thousand times smaller than the body, which, as the name 
implies, is so minute as to have been heretofore con^idered indivisilile. 
This recently discovered particle carrying an elementary quantity of 
negative electricity has l>een namefl an electron. 

It Avill be readily believed that i)hys.icists Avoidd not accept a state- 
ment so contradictory to the views previously held without rigid 
examination, and that the exi-^tence of the electrfni would not be 
credited Avithout further proof. But since numerous investigators, 
working by dilferent methods, have found the same value for the mass 
of the unknown electron, and after this value has proved itself 
invariable. Avhether the electrons Avere produced by an electric dis- 
charjfe through a vacuum tube, or bv an illumination Avith ultra- 
violet or X-rays, or by means of a Bunsen burner or a thorium 
preparation, and. further, after it has bemi shoAvn that it is entirely 
indifferent Avhich gas Ave work in. whether hydrogen, oxygen, or the 
air. Ave can not deny the fact that a negative electron of a mass 
approximately one one-thousandth of that of the hydrogen atom can 
be isolated from every substance. 

The (pie.-tion at once arises. haA'e Ave here the primal substance in- 
forming all matter and out of Avhich the entire uniA'erse is built up? 
Is the electron the already long sought for primary atom, through the 
grouping of Avhich in varying numbers and diA'erse positions all 
material substances, and conscHpiently the jjrimarv elements them- 
sehes, originate? ifay Ave not hope that the chemical structure of 
the atom depends on the chemical structure of the molecule ? Since 
each chemical atom is characterized by its oAvn spectrum, may not 
one imagine that each atom ilhisti-ates in an infinitesimal degree a 
planetary system, in Avhich the central body Avould be a [jositively 
electrified germ around Avhich, according to the element under obser- 
vation. a tlift'ering number of electrons perform their reA'olutions in 
ju'escribod paths, exactly as the earth. Mercury. Jiq)iter. Saturn, and 
the rest continue their endless circuits around the sun? Many physi- 
cists believe this to be so. but it is still too early. Avould lead too far. 
and as yet Ave know too little about the electron to attempt to decide 
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tliis' question. IVe are satisfied to have established the fact that there 
are atomic processes, that an atom is not indivisible, and that smaller 
particles may be isolated from it. 

e were attempting to find an explanation of the enormous quan- 
tity of energy given out by radium, but has the knowledge of the 
composite nature of the atom brought us farther in this direction? 
Yes. undoubtedly, for there are many reasons to believe that if a 
body so aj^parently indivisible as the atom, one which so long resisted 
all our etforts. may be subdivided, that there must he enormous stores 
of energy which can be set free, ditfering entirely from those we 
have had an opportunity to study in the molecular in-ocesses and liy 
the ordinary chemical methods. The <piestion then follows: Is there 
ground for the belief that a similar atomic disintegration may take 
place in radium? Undoubtedly so. for the present condition favors 
the belief that radium is constantly sending out cathode rat s and 
generating electrons. lYe are furthermore able to produce a more 
direct proof which may be ])Ostulated directly from the electron 
theory, and which admits of demonstration quite independent of 
that hypothesis. 

IVhen an atom gives off an elemental electron its weight must thus 
he lessened, which is in effect to say that tlu' atom is no longei- a 
component part of the former element l)ut has united with another. 
lYe assert, therefore, emphatically that since i)roof has been given 
that atomic processes ai-e possible, that atoms separate and can sub- 
divide themselves, it must be p()ssible that one element may convert 
itself into another, or. for example, that gold may come from lead. 
Whether we shall ever succeed in converting gold into lead is (piite 
another question, which I will not discuss now. but the investigation 
of the electron favors the belief that such a transformation is not 
impossilile. And in radium it has in fact been made possil)le to 
observe the i)rocess of the change of one element into another. 
Ivutherford foretold it. and Kann-ay and Soddy cvere the tirst to liring 
proof of the transmutation of the ]-adium emanation into helium. 

If a radium preparatioti is placed in a glass container in a dark- 
ened room, a weird, grayish, but slightly luminous, sort (jf a mist is 
seen to arise from it. If the container is closed, it is gradually 
filled by this mist, or gas. which steadily gains so much in luminosity 
that in a day or two one can tell the time on a watch by it. If this 
luminous fog is blown out of the glass, the play begins over again 
until the container emits light as before. The so-called radium 
emanation is thus seen to develop itself continuously. 

What is it ? I conduct the luminous air which contains the emana- 
tion through the strongest gases and lyes and it remains unchanged. 
I conduct it o\er incandescent copper or magnesium and it is the 
same. I have no power over it. I transmit it through a tube which 
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lias been cooled in liquid air and the emanation is no longer liiniin- 
ons, but the walls of the cold tube emit strong light. I conse- 
quently decide that the emanation i.s a gaseous liody which, as more 
exact research has proved, conden.ses at It emits a rays, which 

the air renders luminous and electrically conductive. ithout these 
projierties in the emitted rays we should never have discovered the 
gas, for our supply of radium is almost invisibly small, Kamsay and 
iSoddy announce that from <>0 mg. of radium they obtained in four 
days one-fiftieth of a mm. ' of the pure emanation, unmixed with aii'; 
that is, an amount which woidd fill a receptacle scarcely so large as 
the head of a small pin. Imagine this amount to be diffused 
through the laboratory of a physicist, and he would hardly be aware 
of it, but perhaps not because it was so little, but liecaiise it was so 
much that his apparatus would i-efuse to work, its isolation being 
destroyed. This illustration gives an idea of the sensitiveness of 
the methods through which we can discover the minutest traci's (if 
the radioactive substances by estimating tlie conductivity of the 
atmo.sphere. 

If wo succeed in collecting a like amount of the emanation in a 
glass vacuum tube, it will emit a bright light. Mhich in a few days 
will become noticeably weaker, and in a fen weeks will di.-^al)pear. 
while we find in its [)lac(‘. by exact specti'oscopic (experiment, traces 
of a gas which certainly was not present lad’ore. namely, helium. 
These experiments have been condnct(“d in tlie most div('rse circiun- 
stauces by many iinx'stigators. a part of whom aiiiiroaclna] the task 
with no exiiectation of tiuding this rc'-ult confii'ined. so that there is 
no room for doubt that radium, a chemical eleiiK'Ut. as [Xisiti V('ly 
defined as gold oi' iron, or as any emanation which has Ik-cu secured, 
transforms itself into helium, an (‘(jually .sharply defined clement. 

IVo have thus seen ou(> element transformed ijito another, an occur- 
rence never before witnes.-.ed and long held imjiossible. In such a 
process, which is possible only by a change in the atom itself by the 
separation of a part of it. an enormous amount of energy must be set 
free, and when such a process actually talces place in radium an 
appreciable amount of warmih must be obtained: but in sjjite of this 
Ave can discover no change in the weight of the preparati(jn itself. 
One difficulty in bringing the lAlienoimma of I'adium into accord with 
the principle of energy is now removed. Instead of a failure of the 
principles of the natural science^, held unchange;dde bv the timid 
doiditer of the phenomena of the radioactive siilistances. the vicAv of 
an entirely new world, the evorld of atoms, has been revealed to us. 
ITe need no longer stop Avith the chemical elements, but nniA’ study 
the origin and dis.soliitiou of these forms also. Avhich ha\’e hitherto 
been held as ]>reexisteut and unchangeable. 

In fact, gratifying advance has already been made, especialh’ by 
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the experiments of Eutherford. in this direction. Conserpiently 
Ave have uranium, the element with the hiffhest atomic weiirht. eoii- 
•sisting of the greatest number of electrons and which, in accord- 
ance with the electron hypothesis, we accept as the mother substance. 
A something which so far we liave been unable to seize hold of and 
to analyze isolates itself from tin* mother sulistance and we have 
radium, out of which, as alreadv noted, the radium emanation arises. 

e know the constituents into which this .separates — namely, helium 
and the so-called " radium A." d'hen radium T? appears and out of 
it radium C. and so on until Ave reach radium (i. These intermeiliate 
products, called " metabolons." are so far knoAvn to us only through 
their radioactiA’c ])roperties. Xo one has yet .seen. Aveighed. or meas- 
ured them : but in spite of this Ave are ai)le to distinguish them hy the 
rays Avhich they emit, as Avell as by tlu'ir pc'riod of duration. 

Let ns take, for example, the radium emanation J>. Avhose jAi’Csence 
Ave note through the lundnosity of the air. and it is taisv to shoAV 
that this emits only the slightly ])ersistent rays Avhich. detlected 
by a magnet. shoAv the characteristics of a positive electric charge. 
If Ave halve a body for a day or two in thi" emanation, it begins to 
.shoAV itself radioactii'e. It might be said that this is only from the 
traces of the emanation left on its surface, just as a ]jlatiniuu Avire 
Avould shoAV traces of hyilrogeii gas in Avhich it liad beim left. It 
Is true that something A\Idch I can not .see with the liiu'st ojitical 
instrunu'iits. but Avhich I can remove witli muriatic acid, or hv 
jiolishing Avith sandpaper, has attai'hed itself to the surface of tlu' 
body, dhis ju’oduct is eertaiidy not an emanation Avhose rays, as 
Avell known, will not go through a slieet of p.-ijnu'. Avhile Avith tin' 
T'ays emitted by the [liece of woaxI. glass, or nietal. uhich I have left 
in the emanation I can influence a photograiiliic [date throuith a 
screen. Ihe rays emitted by the body thus treated. whatcA'er it 
may be. Avhether a needh'. [lencil. cork, or moisel of bread, ai’t' hai’dli' 
less penetrating than the Eiuitgeii ray. .Vnd not only bv the nature 
of the ray. but by its dui'ation can it he shown that it is now a (pies- 
tion of a ncAA' substance. Tlu' measure of tlu' duration of actiiitv. 
or the half-\alue. as that time is called during Avhich the activity of 
these substanci's is diminished one half, has been oiU‘ of tlii' most 
serviceable means of iilentifving them. A radioactiA'e body is one in 
process of transmutation, and exiierienee has shown that this action 
always proceeds at the same rate in a gi\-en substance. The radium 
emanation lo.ses one-half of its activity in four days; radium t’. the 
more penetrating rays of Avhich I liaA'e just referred to. does the 
same in tAventy-eight minutes. The half-value of the thoi'ium ema- 
nation is fifty-four seconds: on the other hand, the half- value of the 
excited thorium activity corresponding to radium C. is eleven hours. 
GiA-en an unknoAvn radioactiie .sulrstance to identify. I estimate the 



128 


RADIOACTIVITY. 


activity of a certain ray which it emits, repeating the experiment 
in from one to two hoius. I then estimate the decay of activity tim- 
ing this time and thus decide whether I am dealing’ with a new or a 
known substance. IVe are tlms in a jjosition. as has been said, to 
distinguish disintegration products of nraninm down to radium G, 
and to determine their charac.-teristie radiations and half-value times. 

It may be said that in experimenting with radium G the substance 
disappears in the very hands of the inve-tigator, but that is not sur- 
jirising if we keep in mind the fact tlnit the quantity of material 
treated in these experiments is so infinitesimal that its ])reseiice can 
be proved only by its radioactivity. AVhether it changes into a less 
active or an entirely inactive substance, it apparentlv disappears; 
its mass is too inconsiderable to be weighed, too minute to be detected 
by the microsco2ie; there is no instrument by which its jiresence 
can be proved. Progn^ss is j)Ossibl(> in this direction only when we 
have a larger sup[)ly of radium. More radium is the eni])hatic 
demand of the medical man, the chemist, and the physicist. So far, 
therefore, we have been able to decide only indii’cctly into what 
radium F is transformed, but. through experiments which need not 
now be described, the conclusion has been reacheil that radium F must 
become lead. 

It is an interesting fact that a large number of tninerals which 
contain uranium always contain helium and radium A-F. and also 
lead in appreciable (|uantities. 'J'hat surely favors tin* jireceding 
siipjiosition. The task is now to show that siicli a metal can have 
originated only from the mother sulistance — ui’aniuni — a [)ortion of 
which in the course of ccmturic' has passed through the transmuta- 
tions named; so that now one such sja-cimen contains not onlv 
uranium, grandmother, mother, ami child, but nine generations fol- 
lowing closely on each other. AA'e could thus trace the gtmealogy of 
lead back to uranium w ithout a break. 

Th(> iie.xt ([uestion .Are th(> less radioactive substances to be con- 
sidereil as evidence of an earlier 2)eriod of the earth's (hwelopment ; 
have such snlj-tances now reached a li.xed. a final condition, and can 
there at ])resent be shown a single example of the develojmient and 
transmutation ju'ocess. such as the other elements have passed 
through t Or. on the contrary, are all elements radioactive and still 
in a state of j)rogressive develo])ment ? AT must not at once say 
•• no " to these (luestioiis. for the reason that we have not yet observed 
radioactive ([ualities in the-e elements. Ac need onlv remember 
that it is easy to prove magmuic qualities in steel and iron, while in 
aluminum the ajiparent magnetic energy is a hundred million times 
less, and if ive had only such substances as aluminum, cojqier, and 
zinc at our dispo-al we might not to-day understand the phenomena 
of electricity. After an oiijiortunity to study these phenomena with 
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comparative ease in iron and steel, to learn their lavs and to know 
what such an investigation requires, with ever finer and more accu- 
rate instruments we may be able to prove the existence of magnetic 
qualities in all substances. Shall we at some future time be able to 
do the same with radioactivity ? 

Exiteriments have already been made in thi.s direction, and numer- 
ous physicists believe that their researches lead to the conclusion that 
all bodies are radioactive. They believe it can be 2 )roved that lead, 
zinc, etc,, send out rays by which the air is made conductive. As 
corroboration of this, exjjeriments arc made to show that an elec- 
troscope inclosed in lead would lose its charge more rapidly than if 
inclosed in zinc. IVe must not lose sight of the fact, however, that 
our instruments are surjirisingly sen.sitive, and that for that reason 
the slightest admixture of radioactive substances with those under 
examination might cause results similar to those observed. 

I have referred to the fact that the iiresence of the radioactive 
emanation in all our sjjriugs shows the wide ditl’u'-ion of radium in 
the earth. It shows, also, how ea-ily one substance by coming in 
contact with anotluu' is atl'ecteil l)y it. Elster and Geitel have now 
found itroof that the radioactive emanation is everywhere ju’esent 
in the atmosiohere. in the deei^est excavations aiid shafts, as well as 
on the highest elevations, and that the ajtpreciable quantity varies 
with rising and falling air pressure, dust, fog. rain, and snow. It 
will be easily understood how difficult this must render experiments 
in this direction, and how cautious one must be in reporting observa- 
tions. From previous experiments it may be safely inferred that in 
the metals jmssessing radioactivity it is thousands of times weaker 
than in radium. It is certainly conceivable that the activity of these 
substances may be demonstrated by other methods and that they 
omit raj’s whose action has so far escaped us. Ten years ago such 
a suggestion would have been regarded as an idle dream, but such 
phenomena as wireless telegrajjhy, the Riintgen rays, and radio- 
activity have made us more cautious in criticism and bolder in hy- 
jwthesis. Xow that we have discovered the electron, have seen that an 
atom can subdivide into others, and have actually succeeded in observ- 
ing one element transforming itself into another, it can not be 
regarded amiss if we venture to look for similar 2 :»henomona in the 
other elements. I do not hesitate to acknowledge that I class myself 
with those whose ho 2 )e takes them much farther than this. even. 

lYe must seek to gain 250wer over the atomic 25i’ocesses. to control 
them as we now control the molecidar 2 )i’ocesses. As we can to-day 
decompose water, and by reversing the o 2 )eration can re23roduce it. as 
we have learned to create thousands of organic substances, which 
were earlier believed to be beyond the 2 >ower of man to 2 Ji‘oduce. and 
ssM 1906 9 
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ivhich wei'e supposed to come into existence through certain life 
processes only, vo must learn to separate the electron from the atom 
or to decompose it into a group of electrons, and perhaps out of these 
to build up a certain desired element. The solving of the first of these 
problems would become at once of great practical significance. Our 
control of the powers of nature wouhl thus attain development beyond 
imagination. Avouhl be increased a million fold; for. however incredi- 
ble it mav sound, the processes with ivliich we have hitherto been 
occupied are of minor importance compared Avith the atomic jjroc- 
esses. 

Are Ave to succeed in solving this jn-oblenO That the path 
toAvard the goal is long and difficult and not easily folhwed no one 
Avill ileny. To learn to control thousandfold greater supplies of 
energy may Avell offer difficulties a thousandfold greater, but the 
notable results of the study of the jioAvers of nature, increasing from 
decade to decade through the hist century, inspire us Avith courage 
and arouse hope of great achievements in the new century already 
so full of promise. The naturalist of to-day is not iiessimistie. If at 
first Ave are alloAved to lift only a little corner of the A'eil Avith 
Avhieh nature has so carefully concealed tlu' 'l.■cret avc pursue. Ave Avill 
not relinquish hope, Imt Avill 

Attempt the end, .-iiid never stand to deulit ; 

A'otUiug's so Uard but seareli will tind it out. 
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The phenonieiia of elcctro-inagnctic intluotioii, rovcaled chiefly hy 
the lueinorahle re.searches and discoveries of Faraday carried out in 
the Royal In.'^titution. have louo- since shown liow it is i)ossible for 
the transmission of electrical energy to take place across a small air 
space between a conductor traversed by a variable current and 
another conductor placed near it. and how such transmission may be 
detected and observed at distances gi-eater or less, according to the 
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more or le.'^ rapid variation of the current in one of the wires, and 
also according to the greater or less quantity of electricity brought 
into play. 

IMaxwell. ins 2 )ired liy Faraday's work, gave to the world in lS7h 
hi< wonderful mathematical theory of electricity and mao:netism. 
demon'trating on theoretical grounds the existence of electro-mag- 
netic wave^. fundamentally similar to but enormously longer than 


" Alistr.-ict of |ia|iei' read Ijefore the Royal Institution of (tre.-it P>ritain .at its 
w<‘ekl.v eveiiiim' iin'otiiik. Frid.a.v. JIarcli a. l!Mi.‘>. Uoin'int of extr.act from trans- 
.aetioiis of the Royal Institution. 
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waves of light. Following up Maxwell. IleiTz in lss7 fiirni^-lied his 
great practical proof of the eNiWence of the^e true electro-magnetic 
waves. 

Building on the foundatioiH pre[>ared hv the^e great men. the 
author carried out in ls!).“) and I.s'.k; hi^ th’st tests, with .ipparatus 
which embodied the princijile on which long-di't:uic(‘ wirel("-s teleg- 
rapliY is successfully worked at the [)re'eut day. 

This early arrangcunent i^ 'hown in tigni'es 1. l'. and d. 

In lignres 1 and -J an^ -howTi diagramniatically the complete traiir.- 
mitting and receiving plant-, and in figure ;> ar(> -hown the circuit- 
of the receiving in-ti-nnuait-. 

The mam feature of the -y-tem i- the utilization of the earth 
effect by connecting both ilie tran-iuitting and receiving instruments 
between earth ainl a rai-ed capacity. 



Ihe later improvement- introduced in the author'- -vstem of wire- 
less telegraphy Inne been direihed toward the following ends; 

1. To obtain indcja'inh tn’c of connunnication or the prevention of 
interference between several neighlioring station-. 

2. To increa-e the di-tanc'* of <;oininnnication. 

3. To increa-e the ctlicieiicy of the apparati;-. its aocuracv, and 
working speed. 

Oni‘ of the chief objection- wiiich i- rai-ed agaiu-l wireless teleg- 
raphy is that it i- po— ible to work only two or a very lindted iittinber 
of station- in the immediate vicinit.v of each other wdthoitt cau-ing 
mutual interference or producing :i jumble b\' the confu-ion of the 
<litterenf n!e--:tge-. Tin- objectnui ajun'ai's to lie much more serious 
to that -ection of thi* ].ui>!ic which ktiows litth' or nothing of teleg- 
raphy in general lh:!n to telegnsph eligitieer-. who know' tliat with- 
out organizat'on ami oi'<’i]>line the -ana' inierterence would occur in 
the grciit majorit.i' of orilin:iry land teiegrani-. Foi' example, there 
1- :tn ■■ oinnihu- Ime lietwecn Cork iiml ( 'rookh;t ven. On thi- line 
there ais' a dozen or more telegraph offices, all with their in-triinient- 
joined up to the s;une w ire running from the terminal stiition-. Xow. 
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if any of tliche oflice.-- .-'Iiould jiroceed to send a iiie^'ai>'e. say. to Cork, 
while this offic(' is reeciviii”' aiiotlier niessaii'e from Crookha\'eii. it 
would cause iiu intcud'erence lYhich lYouid result in tlie confusion of 
the two uies'.ayes, thus renderiui;' them miiiitelli^'ii)k‘. *Vny m('s-,a<i'e 
sent on tlie liiu' iviil alha-t all the iiistruineiits and can Ih' read hy all 
the other telee-raph otlices on the line: hut certain ruh‘s and regula- 
tions ai'e laid down and adheivd to hy the operators in the eiipjloy of 
the (h'liei'al l‘ost-( )fiice whieli make it im])o-sihle foi' one statiim to 
interfere with the I'Cst. It i- ohvious that the-e same rules are aptili- 
cable to e\'ery case in which a irroup of e(|uai!y turn'd v. ire less tele- 
eTajih stations hatipen to he in proximity to each other. 

Although in many iiGtanef" uiituiK'd nireless telegraphy may 
prove of areat utility, it i-. however, clear that -o lone- as some method 
of renderine- stations comjdetely iiidepemlent of one another was not 



detised. a very imporiauT e.nd etr'eetnal limit to tlie jiractical utiliza- 
tion of wireless t('leei-a|)liy would lie imposed. 

The new method a.dojiled hy the author in isiis. of comii'ctiiig a 
jiropei- form of o'eillation transformer in conjuiietioii with a con- 
denser (lie'. 1). .-o ;i' to form .1 I'esoiiator tuned to respond hi'st to 
waves emitted liy a el\eu length of \ertical wire, was a sti'j) in the 
right direction, dhis improvement was desci'ilied hy tlit' author in 
a discourse which he had the houoi- to deliver in the royal institution 
in Cehruai'\. I'.KIG. 

Apart. howcN'er. from the-e impro\'emeut' introduced into the 
reci'iving circuit', it had hc'eii for some tinu' ajipareiit tliat one difli- 
culty in the way of ohtaining s\iitonie ell'ects was caused hv tlu' 
action of the transmitting wire, d’his straight rod or wire in which 
electi'ical oscillations are '(.f j.p, forms, as is well known, a verv good 
radiator or emitter of electric waves; hut at the same time in all such 
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good radiators electrical oscillations set up by the ordinary sjiark- 
discharge method cease or are damped out very quickly by the elec- 
trical radiation, Avhich removes very rapidly the small amount of 
their stored-up energy. 

It is well known that if two tuning forks are taken having the 
same periods of vibration or note and one of them is set in motion 
by striking it sharply, waves or sounds will form in the air ; and the 
other tuning fork, if in suitable proximity, will immediately com- 
mence to vibrate or sound in unison with the first. 

Of course tuning forks have to do with air waves and wireless 
telegrajthv with ether waves, but the action in both cases is analogoiH. 

There is one essential condition which must be fulfilled in order 
that a well-marked tuning or electrical resonance may take place, 
and it is liased on the faet that what we call eh'ctrical re^onanc(‘. 




like mechanical resonance, depends essentially upon the aceumulated 
eifeet of a large number of feel)le impulses properly timed, l iming 
can only be achieved if a sufficient number of these limed electrical 
impulses reach the receivi-r. 

Over four years ago tlie author obtained satisfactory restdts bv 
increasing the electrical capacity of the radiating and resiuiating 
conductors by arranging them at each station in the form of two 
concentric cylinders, or in other forms of closely adjacent conductors. 
The electrical capacity of sucli conductors, as shown in fig. G. is verv 
large compared with that of a single vertical wire, with the resid't 
that the amount of electrical energy stored up in the system referrial 
to in the first case is much larger, and does not radiate or get awav 
in one or two waves, but forms a train of timed inquilses which sub- 
sist for a certain time, which is what is required. 
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An iirranji'enieiit coii^i^tiii<r of a circiiit containing a condenser and 
a spark gap. fig. S. constitutes a very persi'-tent oscillator. .Sir Oliver 
Lodge has shoAvn that l)y placing it near to another similar circuit 
it is ])ossii)le to demonstrate effects of tuning. The exiieriment is 
usually referred to as " Lodge's .syntonic jars." and is extremely 
interesting, hut. as Lodge himself points out in his book, the A'ork 
of Hertz, a closed circuit such as this is "a feeble radiator and a 
feeble absorber, so that it is not adaitted for action at a distance." 

If. however, such an oscillating circuit is inductively associated 
Avith one of the author's elevated radiators, it is jtossible to cause 
the energy contained in th(‘ clo~ed circuit to radiate to great dis- 
tances, the essential condition being that tlie natural jieriod of elec- 
trical oscillation of the radiator should be e([ual 
to that of the nearly cln.-ed circuit. 

All the latest syntonic transmitting arrange- 
ments are baseii on modilicatioiis of this combina- 
tion. 

The general arrangvimmt is indicatisl in fig. 7. 

The arrangement for syntonizing or tuning the 
receiving stations are shown in fig. Here 
sliOAvn the Usual \ertical conductor connected to 
earth through the primary of a transformer, the 
secondary circuit of A\hich contain'- a comhaiser. 

Avhich is connected aciajss the coherer or detector. 

In this case. aho. it is neces-aiy that the )jei’iod 
of electrical oscillation- of the vei'tical Avire. Avhich 
includes the jirimary of the trausfornu'r and earth 
connection, should lie ('(pial to that of. or in tune Avith. the secondarv 
circuit of the -aid tran-fornier. Avhich circuit includes a condenser. 
Therefore, in ordei- that a transmitter (tig. 7 ) should be in tune Avith 
the receiver (fig. .7). it i- nece— ary that the periods of oscillation of 
the sei eral oscillating circuits at both station- should be equal, or A’ery 
approximately so. 

It is ea.-v to understand that if we liaA'e .-ei'eral stations, each tuned 
to a difl'ereul period of electi’ical o-cillation. the jieriods of re.sonanco 
of Avhich are knoAAii. it Avill not be dillicult to traii-mit messages to 
any one of them Avithoiit the signal.- being picked up by the other 
stations hjr Avhich they are not intended. It is obvious that the 
greater the diflerence in jieriods of the oscillation or tune betAA’een 
tAvo stations, the smaller Avill be the po-sibility of tapjiing and mutual 
interfereiK’e. 

It is al-o ]AOssible to connect to one sending wire, through the con- 
nections of ditferent inductances. scAeral differently tuned trans- 
mitters, and to a rc'ceiving wire a number of corresponding receivers, 
as is shoAA ii in tigs. *J and 10. 
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It was possible nearly live years ago to send ditferent messages 
simultaneously without interference, the messages being received on 
differently tuned receivers connected to the same vertical conductor. 

This result was described in the Times of Octol)er 1. 1!>00. by Pro- 
fessor Fleming, who. in company with others. witnes>ed the test. 

A recent improvement introduced in the method of tuning the 
receiver is that shown in fig. 11. 



riiere exists at present among the large s(*ction of tin* public con- 
siderable misconception as to the feasibility of tuning or Muilonizino’ 
wireless telegraithic installations, and aho as to what is o-enerallv 
termed “ the iuterce 2 tti(jii of messages." Accordinir to the :icc(' 2 ited 
understanding, “intercepting" a inc.-sage means or iiipilies securino- 
by force, or by other means, a coinmunication which i^ intended for 
somebody else, thereby jjreventing the intended recipicmt from re- 

ceivitiir it. X o w , 


/A 

Earth 


Earth 


HD. 


Earth 



tliis is ju^t what 
has never happened 
in the case of wire- 
lesr- telegrajthy. It 
is (juite true that 
messages are. and 
have Iteen. tajtped 
or overheard at sta- 
tions for which 
they are not in- 
tetided, but this 
doe.., not by auv 


means prevent the nies.'agos from reaching their ])r()per destination. 
Of course, if a powerful transmitter giving off strong wai e.s of differ- 
ent frequencies i> actuated near one of the receiving stations, it may 
prevent the reception of messages, but the party working th(> so- 
called interfering station is at the same time unable to read the mes- 
sage he is trying to destroy, and therefore the message is not. in the 
popular sense of the word, " intercepted." It should be remembered 
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that any telegrajili or telephone wire can be tapped, or the conversa- 
tion going on through it overheard, or its operation interfered with. 
Sir IVilliain Preece has published results which go to show that it 
is possible to pick up at a distance on another circuit the conversa- 
tion which may be passing through a telephone or telegrajdi wire. 

Up to the conmienceinent of llJOd the only receivers that could 
be practically employed for the purposes of wireless telegraithy were 
based on v.hat mat' be called the coherer principle — that is. the 
detector, the principle of which is based on the discoveries and 
observations made by S. A. Varley. Professor Hughes, Calsecchi 
Onesti. and Professor Pranly. 

Parly in that year tlu* author was fortunate enough to succeed in 
constructing a jjractical receiver of electric waves, based on a prin- 
ciiile ditlerent from that of the coherer. Speaking from the ex- 
perience of its application for over two years to commercial pur- 
poses. the author is able to say that, in s(, fm- as concerns speed of 
working, facility of ad- 
jusliiient. reliability, and 
(‘fficieiicy when used on 
tuiKHl circuits, tins receiver 
has left all coherers or 
anticoherei's far behind. 

The action of this re- 
ceiver i' ill the authoi-'s 
opinion based upon the de- 
crease of magnetic hystere- 
sis. which tnki's place in iron when under certain conditions this metal 
is ex])Osed to high Ireijuency oscillations of Hertzian waves. 

It is constructed in the following luanner and is shown in tig. Id. 

On an insulating sleeve surrounding a portion of a core, consisting 
of an endlcss rope of thin iron wires, are wound one or two la vers of 
thin insulated copper vires. Over this windine- iusulatine- material is 
placed, and over this again another longer winding of thin copper 
wire contained in a narrow bobbin. The ends of the windine's nearer 
the iron core are connected one to earth and thi' other to the elevated 
(ouductor. or they may be joined to any suitalile svntonizing circuit, 
such as is now employed for syntonic wirelc'S ti'legraphv. Tlie ends 
of the longer winding are connected to the terminals of a suitable 
telephone. .V pair of horseshoe magnets are conveniently disposed 
for magnetizing the jiortioii of tin* core surrounded bv the windings, 
and the endless iron core is caused to move continuouslv throuR'li the 
windings and the tiidd of the horseshoe magnets. 

This detector is and has lieen successfully employed for both long 
and short distance work. It is useil on the sliijis of the Koval Xavv 
and on all trans-Atlantic liners which are currying on a long-distance 
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iiew.T ber\ ice. It liaa also been n.^eJ to a larg'e extent in the tests 
across the Atlantic ( 3 cean. 

As already stated, the adojition of this nia<;netic receiver svas the 
means of bringinij- alxjut a g-reat iniprovenient in the practical work- 
ing conditions of wireless telegraphy by making it possible to do away 
with the tronblesomc adjustment necessary when using coherers, and 
also by consideralily increasing tlu' speed at which it is possible to 
rec(!i\e, the speed depending solely on the ability of the individual 
operators. Thus a sjjeed of over dO words a minute has been easily 
attained with the apjiaratus a^ shown in fig. 12 . 

This form of magni'tic receir'er. howo^'er. jiresented a ilisadvantage 
which some jjeople considenMl very imjiortant — of lieing able to firing 
about only an audible re[)roduclion of the signals in a telejihone, and 
conseipiently inetl'ective for actuating a recoialing instrument, such as 
would leave a documentary proof in tlu‘ form of Morse signals received 
and inscribed on tape. 

1111011 the autlior had the honor to deliver his hist lecture at the 
Koyal Institution, he e.\-2U‘ossed a hope that liy means of this magnetic 
receiver it might be jiossible to work a recording instrunumt. and hi> 
is glad to be able to announce that lu' has recently been able to con- 
struct a magnetic receiver that will work a relay and a recorder. 

The causes which prevented the author's earlier tyjie of magnetic 
receiver fi'om working a relay wert' the rajiidity and alternating 
character of the current induced by tlu' etlect of the oscillations on 
the iron. This current or imi'mlse is so sudden that, although it 
jirovps to be suitable in itrodiicing a sound or click in a telephone 
diaphragm, it is far too (piick to impart any apjireciable movement 
to the comjtaratively heavy tongue of a relay, and in that way to 
allow a ciiri’ent to work a recording or othm- instrument. I>y modi- 
fying the circuits, cstieeially liy increasing their hmgth and liy the 
use of a jiarticiilar (piality of ii'on. the author has been able to obtain 
an impulse from the magnetic reeeixer. which is cajiable of working a 
reeoriling instrument. 

The instrument is eminently adajited for reeeivdng messages fi'om 
stations such as Poldhu. where the length of wave radiated is con- 
siderable. 

dlie advantages of this reeiuver over tin' coherer system of receiver 
are very great. 

In the first place, it is far more simple, requires far less attention, 
is ahsolutcly ndialile and constant in its action, anel possesses a low 
and unvarying I'esistance. Ihit the chief advantage lies in the fact 
that with this receiver it is jiossihle to attain a very high sjieed of 
working. 

The sjieed of the author's earlier form of magnetic receivers was 
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limited to the rate at which the ojierator could read by .-oiiiid. So 
for a'^ ^-peed is concerned, however, this new detector is not dependent 
upon the aliility of the operator. It is possible to use an automatic 
transmitter to send messages at the rate of lOU words a minute, and 
the messages will be picked up and recorded (piite clearly and dis- 
tinctly by means of this new form of receiver. 

The author here gave a denioustration of wireless transmission 
and reception by means of high speed " IMieatstone instruments 
lent by the General Post-Office, used in conjunction with his mag- 
netic receiver. 

This form of recording receiver lias lieen satisfactorily worked 
over a distance of 15:2 miles over laud, and will shortly be employed 
in connection with the new transatlantic stations. 

In conjunction with Ih'ofo'-sor Fleming, the author has recently 
introduced further im[)rovemenrs which greatly increase the efficiency 
of the a])jtaratus. but whidi he is not at present free to describe. 
The author here denionstratial the ell'ect of the improvement by 
means of a galvanometer, showing the dedectioii without and with 
the new device, 'flu* author also exhibited and explained Doctor Flem- 
ing's cymometiu' for measuring the length of waves used in wireles- 
telegraiihy." 

.V very considerable amount of public interest has been centered 
during the last few years on the tests and experiments in which the 
author has been engaged in inv<‘stigating the jiossibil ities of wireless 
telegraphy over \'ei-y great distances, and especially on the tests which 
are being carried out across the Atlantic Ocean. 

The facility t\ith which distances of over i!00 miles conld be cov- 
ered with the author's ajiparatus as long ago as ISKX). and the knowl- 
edgi' that by means of syntonic devices mutual interferences could 
lie preventeil. led the author to advice the coustructiou of two largi' 
power stations, one in t'ornwall and the other in North .Vuuu'ica. in 
order to te^t whether, by the em|)loyment of much greater |)ower. it 
might not be possible to transmit messages across the Atlantic Otvan. 

On the erection of tlu'sc stations very extensive tc'-ts and experi- 
ments were carried out during the latter jiart of l!M)i2. Thew* te^ts 
were greatly facilitated by the courtesy of the Italian GoMuaimeut. 
which placed a. 7.()0(l-tou crui'cr. the ('mlo at the author's 

disjiosal. During tlie-e trials the interesting fact was observcal that, 
unlike what occurs with moderate power-transmitting stations, the 
etlect of intervening land or mountains between the sending and 
I’eceiving apiiaratus does not bring about any considerable reduc- 

"Dr. .7. A. Kleiniiis. " (On iiii instniiiieiit for tlu> mcasureiiiciit of tlic Icnsth <]f 
lonir electric waves anil also small iiiiluctaiices and caitacities." 1‘roc. Itoy. Soc. 
Imiid., Vol. LXXIV. 
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tion in the distances over which it is pO'-sihle to communicate; this 
result being- tine, no doubt, to the iiiucli greater length of ivai-e radi- 
ated by the big elevated conductor of the long-di>tance station^, 
couipai'ed with the shorter evave-leiigth radiated by the smaller and 
hns powerful in.-^tallations. Thus message'- were recei\'ed from Poldhii 
at the positions markefl on the map (fig. 14), which is a copy of the 
map accompanying- the ollicial I’eport of the experiments. Thc'-e posi- 
tions, at which signals were rei-eived direct from l^oldhu. are in the 
Baltic near >'-iweden. at Kiel, the Xorth Sea. tlie Bay of Biscay, also 
Ferrol. Cadi/, (xibraltar, Sardinia, and .Spezia. iMcssages were re- 
ceived distinctly in these ])laces from ( 'oi-nwall. although, in the Baltic, 



the whole of Kngland. the Xetherlands. e.nd part id' (iei'mani' amt 
Scandinavia lay between Idihllm and tlie i AUk rfo. .Vlso. at 
Cadiz and ( libraltar the w hole of Sjiain intervenei 1 ; and at Spezia ami 
Cagliari, in the Mediterraiuain. the whole of France, ineludine- the 
^\.l])s. lay in a direct line between the two stations. 

After these experiments the ('mlo AUx rfn was sent back from the 
-Mediterranean to Tdymouth. and thenei' eonve\i‘d the author to Can- 
aila : and in <)etober. !lt|)-J. sig-naF (i-om Poldhit wi-re j-i-ceix'ed on 
board ship throtighout the voyage tip to a distatiee cd' d.-'iOO miles. 

Iti Deeember. I'.tO-J. mi'ssaoes were c-Xi-hatiR-ed between the stations 
at Poldhn and Cape Bri-ton. but it was found that (-otnmtttiieation 
was better from Canada to Kngland tlian iti the o^iposite direction. 
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The reason for this is to he attributed to the fact that, owing: 
to the support and enconrajjenient of the Canadian fftivernnient. the 
station at Cape Breton had been more elficieiitly and more ex])en- 
sively equipped: whiCt as regards Poldhii. owing to the uncertainty 
as to what would tie the attitude of the British (iovernment at that 
time toAvard the Avorking of the station, the author"' company aagis 
unAAdlling to expend large I'lims of money for the 2)urpose of increas- 
ing it^ rang!' of transmission. 

As. hoAAever. messages were sent Avith ease and accuracy from 
Canaila to Eiigiand. the author cojisidenal it his duty to spiul the 
first messages to their Majesties the Kings of England and Italy, 
both of aaIioiu had preA’ioiisly giA'en him much encouragement and 
assistance in his AA-ork. The author AA'as thu' enabhal to announce 
that the transmission of telegraphic messages across the Atlantic 
Ocean Avithout the use of ealde or Avire aagis an acconqdished fact. 
INIessages AAcre also sent to Ilis Majesty from ]A>rd Minto. the trOA'- 
eruor-Ceneral of Canada, aaIio had taken a coii'iderabh' interest in 
the author's early expA'rimeiU' in Canada. Ollicers ilelegated by the 
Italian (ioAernmeut and a representatiAC of the London Times AA'ere 
present at the transmission of the nie'sagO'. and over ikOGO Avords 
AA'ere sent and correctly receiA'ed in the presence of these (fovernment 
delegates. 

Further tests Avere then carried out at the long-distance station 
erected at Cape Cod. in the Enited States of America, and a message 
from President Eoo'eAolt Avas successfully transmitted from this 
station to His iMajc'-'ty the King. 

In the s]n'ing of 1903 the transmission of ncAvs messages from 
America to the London Times AA'as attempted, and the fif't messages 
AA'ere correctly receiA'ed and published in that neAVspa])i'r. A break- 
doAA'ii in the insulation of the apparatus at Cape Breton made it 
necessary. liAiAvcA er. tA) siis[)enil t!ie service, ami. unfortunately, further 
accidents maile the transmission of message' unreiiahle. especially 
during the spring and summer. In eA>nse(|uence of this, the autlior's 
company decided not to attAunjit the transmission of anv more puljlic 
messages until such tune as a reliable and continuous siowice could lie 
maintained and guaranteed umler all ordinary comlitions. 

It is curious to note that the transmission of messages across the 
Atlantic apjieared to be much easier during the AA'inter months of 
December. January, and Eebruary than during the spring and sum- 
mer. but no serious diflicidties Avere encountered before April. These 
Avere jiartly caused liy th.e insulation of the aerial not being so good 
during the damp spring AAcather. Avhen the suoav and ice are melting 
and thaAA'ing. as at this jieriod the insidatiAin is much more difficult 
to maintain in an efficient condition than during the dry and crisp 
Canadian Avinter. 
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A new btation, supplied with more powerful and more perfect 
ajiparatiis. is in course of erection, and the author has not the sliohr- 
est doubt but that in a very short time the practicability and relia- 
hility of transatlantic wireless telegrajihy will be fully demon'Strated. 

In connection with these very powerful stations it i< interesting 
to oh'^erve that the fact Avhicli the author had noticed in ISIA and 
which he expressed in his jiatent of June 2. ISfH). that " the larger the 
]dates (or capacities) of the receiver and transmitter and the higher 
from the earth the plates are suspended the greater the distance that 
it is 2 )()ssihle to communicate at parity of other conditions." still 
holds good, and therefore the elevated conductors at these stations 
are much huger and higher than those used at the smaller power 
stations. The potential to which they are charged is also very much 
in excess of that used at the short-distance stations. 

Pending the reconstruction of these long-distance stations, valuable 
tests have been carried out. and daily commercial work is carried on 
ovtT distances of about 2.000 miles. In October. lOO:’, it was found 
possible to supply the Cunard steamship LiKani" during her entire 
crossing from Xew I'ork to Liverpool with news transmitted direct 
to that ship from Poldliu and Cajie Breton. 

Since June a regular loug-di~tance commercial service has been in 
opei’ation on certain ship- of the Cunanl St(‘aniship (’oinpany. which 
ships, throughout their voyage across the .\tlantic. receive daily news 
messages t'ollected for transmission by iMessrs. lleiiter in England, 
and by the Associated Press in America. At present In'e trans- 
Atlantic steamships are thus publishing a daily newsi)aper contain- 
ing telegraphic messages of the latest news. 

The practical and experimental work carried out in connection 
with the long and short distance stations has alforded valualile 
opportunities for noting and studying variou-- unknown and unex- 
pected etl'ects of the condition of space on the jiropagation of electro- 
magnetic wavc‘'. 

The author being alile to avail himself of the daily reiiorts of over 
70 -hi[is and ."lO land station', the chances of error from what might 
be termed accidental results are reduced to a minimum. Thus it is 
interc'ting to ob'crve that the ditfereiice between the iiro}aioation of 
the wav(' !iy dav' and by nitrlit is only noticcaide in the ca'c of hjiiii- 
distance stations; or. in othei’ words, where a consi(l(‘ralilp anunint 
of c-nergy is halved into the transmitting aerial wires. For instance, 
all the 'hort-di'tance ship-to-shore stations having a rano-(‘ of about 
l.V) luiles awrati'cd the sann* distance of communication bv dav as 
by night: but the long-distance stations, such as Poldiiu. Cape 
Breton, and Cape (Aid. as originally constructed, awrageil bv day 
two-fifths of the distance covered by night. 
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The opinion has been expressed that the reason for shorter dis- 
tances beinof covered by day i^ due to the electrons jtropaofated into 
space by the sun. and that if the-e are continually falling like a 
shower upon the earth, in accordance with the hypothesis of Professor 
Arrhenius, then that portion of the earth’s atinosidiere which is facing- 
the sun Avill have in it more electrons than the part which is not facing 
the sun. and therefore it may be less transparent to long Hertzian 
waves. 

The full scientific explanation of this fact has not yet been given. 
l)ut Prof. J. J. Thomson has shown in an interesting paper in the 
Philosophical IMagazine" that if electrons are distriliuted in a space 
traverseel by long electric waves, the.-'e will tend to move the electrons 
in the direction of the wave, and will therefore absorb some of the 
energy of the wave. Hence, as Profe^-'^or Fleming has pointed out in 
his Cantor lectures delivered at the Society of Arts, a medium through 
which electrons or ions are distributed acts as a slightlv turbid 
medium to long electric waves. 

In fact, clear sunlight or Idiie skies, though very transparent to 
light-waves, may act as a fog to Hertzian wavi‘s. Apjiarentlv the 
amplitude of tlu' (dectrical oscillations radiated has much to do with 
the interesting phenomenon, for the author has found that if a con- 
siderable amount of power is applii'd to the radiating apjiaratus of 
the so-called short -distance stations, the diftereuce lietween the ran«-e 
of transmission by nig-ht and by day becomes at once apparent, 
although no ditlerence is made in the wave length radiated. 

A curious feature of wliat may be called the daylight effect is tin* 
suddenness with which it may cut off the signals at great distances. 
These do not. as miglit be sujiposed. die otf oTadualh’ as daylight 
increases, but seem to fade away rapidly, and disappear entirely 
within the space of about two minutes. 

The author does not for a moment think that tliis daylight effect 
will prove to be a serious drawback to the praidical apjilication of 
long-distance wirelo's telegraidiy. as its result amounts to this, that 
rather more power is required by day than by night to send signals 
by means of electric waves over long- distaiue-. 

It has been stated that one of the serious objections to wireless 
telegraphy lay in the fact that no means existed for directing- the 
eiK'rgy emitted by the stations. If vre assume this fact to be correct 
we certainly find that, if it presents certain disadvantages, it a.l-! 
presents many ])erhaps counterbalanciug advantage's. For exampli' 
if a cable is laid bi'tween Englaml and Camuhi it can only serx'c f ;- 
communication botwei'u tliese two countries; but if a wireless connee- 

IV, Series 
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tioii is ostablislied between two sueh countries the stations may be 
instantly used in time of war, or in any otlier emerifency. to communi- 
cate with other stations, situated say, at Gibraltar, the West Indies, 
or some inland point in Xorth America, and also, if necessary, with 
war "hips carrying’ apparatus tuned to the waves sucli stations radiate. 
By means of syntony. although the energy can not be directed in one 
direction, it can, however, be picked up at certain distances only by 
certain tuned receivers, as occurs now with the ships crossing the 
ocean. Fifty of these ships carry wireless apparatus, lint only live of 
them have the instrument tuned to receii’e the long-distance news 
messages sent from Poldhu; and. as a matter of fact, these messages 
are received only by those live specially tuned ships. 

Before concluding, it may not be out of jilace to give a few details 
as to the practical uses to which the author's system of wireless 
telegraphy has already been put. 

'I'here are now over bO British and 80 Italian war ships equipped. 
A ntimlier of these war ships are fitted with long-distance ajqtaratus. 
and are therefore able to keep in touch with England when far ottt 
on the Atlantic, at Gilwaltar. and in the Mediterranean. Admiral 
Lord ('harles Beresford has authorized the author to say that dttring 
the last cruise of the Channel Fleet from Gibraltar to England they 
had no difMcttlty whatever in receiving messages from Cornwall 
during the entire voyage by means of special long-distance receivers. 

Seventy liners, belonging respectively to England. Italy. France. 
Germany. Holland. Belgium, and the United States, are fitted with 
the author's apparatus, and are engaged in carrying on commercial 
work for the benefit of passenger" l)etween ship and shiji and between 
ship and shore: and for thi' latter jinTpose there are over 50 land 
stations Avith which to communicate. During 1004. com- 

mercial messages Avere sent and received at tlie shiji and shore stations 
controlled by the author's company. 

It is also used as a lirancli of the Italian telegraphic sy.stem for 
ordinary commercial purposes across the Adriatic Sea. namely. 
lActAveeu Bari (in Italy) and Antivari (in Montenegro), and in the 
Straits of Messina at IMcssina. Beggio, and Giovanni. AFo. in con- 
nection Avith the British post-olhce. from Cornwall to the Scilly 
Islands, on the not infrequent occasions of the breaking doAvn of the 
cables. 

As to the future of Avireless telegraphy, the author expresses his 
confidence in its ability to furnish a more economical means for the 
transmission of telegram" from England to America and from Eng- 
land to the colonies than tlie pre~ent service carried on Iw the cables. 

It is true that tiiany scieutilic men art' dul)ious of the ])racticability 
of "ending electric AvaA'cs to great distances. Others are not. On 
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a recent memorable occasion at Glasgow University. Lord Kelvin 
publicly stated that he not merely believed that messages could be 
transmitted across the Atlantic, but that some day it Avould be pos- 
sible to send messages to the other side of the globe. Apart from the 
practical and economical possibilities of this .step, when realized, the 
transmission of messages to the Antipodes would open up the possi- 
bility of carrying out tests of very great scientific interest. For 
example, if transmission to the Antipodes M'ere possible, the energy 
ought to go over or travel round all parts of the globe from one 
station to the other, and perhaps concentrate at the Antipodes, and 
in this way it might perhaps be possible for messages to be sent to 
such distant lands by means of a very small amount of electrical 
energy-, and, therefore, at a correspondingly small expense. 

Sii lUOU 10 




KEVISTOXS OF THE THEOEY OF ELECTROLYSIS.' 


By IIexky S. Cakhart. I.L. 1). 


Xo Mibjoct in tlie whole domain of llieoretical electricity possesses 
more interest to the electrochemi^t than the theoiw of the decompo- 
sition of arpieoii> solutions of salts and acids throngh the agency of 
an electric current. For more than a hundred years scientific atten- 
tion has been converged on it. for it has presented problems both of 
nnnsual interest and of nmisiial difficulty. Its development has not 
been one of uninterrupted progress, Imt rather one of leaps and 
bounds, alternating with seasons t)f suspended animation. Even 
with th(‘ noteworthy additions of the past twenty years, it can not 
be said that all difficulties have yet been resolved. We are in little 
dangei- of so completely clearing ujt the entire field that nothing shall 
be left for ]>o^terity. 

An historical review of this subject, biased it may be by persjtec- 
tiv(' and distorted by the disproportionately large visual angle under 
which we view recent events, may yet give us more respect for the 
acliie\'einents of the pa-t and less unreserved satisfaction with the 
advances of our own times. 

The earlie-t record of ob-erved electrolysis dates back of the inven- 
tion of ^ olta s dry pile and " crown of clips." The decomposition 
of Avater by electrical means was described by t'an Troosttvijk 
and Deiinann in 17h0. It was accomplished by sending a series 
of electric discharges through water in a narrow glass tube bettveen 
gold w ires Avhose ends Avere an inch and a luilf apart. The tube Avas 
placed Aei’lically. and when the end of the upper Avire became uncov- 
ered the spark' caused the explosii'e reunion of the mixed gases. 
1 hese experimenters concluded, contrary to the opinion of many of 
theii- scientific coiitemporarie", that both the hydrogen and the 
oxygen were obtained from the decomposition of Avater and that 

<'■ I'l-esiilenTial delivered at the seA-eiitli jreiieral meeting of the Ameri- 

< an Eleetriu heiiili al Society, held at Boston. Mass.. April 25, 1!H)5. Here 
re]iriiited from Transactions of the .\nieriean Eleetrocheinical Society. Vo!. 
VII. Philadelphia. I'JOo. Copyright ItHJo by the American Electrochemical 
Society. 
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Yuter coii^i^ted of a luiioii of tlie:?e two gai^e^ only. Thei’ cited 
both th(‘ synthesis and the analvbis^ taking place in their experimental 
tube as proofs of their view. Bnt the qne>tion as to the manner in 
which electricity acts to effect the deconijiosition remained unan- 
swered. They did not obtain the two gases separately, but mixed 
in the glass tube. An enormous number of discharges were sail I 
to be necessary to produce an appreciable volume of mixed gases — 
14.000 for one-third of a cubic inch. 

A little later Ritter found that .10 or 00 discharges from a Leyden 
jar through a solution of silver nitrate Ixhween silver wires gav(‘ 
a visible deposit of metallic silver on the negative electrode. By 
reversing the poles this deposit tlisappeared. and at the same time 
a new deposit formed on the other wire. 

It is therefore obvious that the scientific world was prepared to 
accept electrolytic decomposition when Volta disclosed his invention 
of the dry pile and the voltaic battery, or " crown of ciqis.” This 
disclosure was made in a letter to Sir Joseph Banks, president of 
the Royal Society of Lontlon, dated ilarch dO, ls()(). Before this 
letter was published in the Philosophical Trausataions its contents 
had become known to London physicist.s. and Xicholson and Carlisle 
had decomposed water by means of Volta's jiile. Carlisle made the 
acute ob'.ervation that when a drop of water Avas ])laced on the iqijier 
iffate of the pile to improve the contact between it and the wire of 
the external circuit, gas was given off; and NichoLoii ii'cognized 
the jiresence of hydrogen Avlien the Avire used Avas steel. These and 
similar facts inducetl them to .send the electric curriait from a pile 
of pairs through ri\-er Avater betAveen brass Avires in a glass tube 
half an inch in diameter. .V fine stream of gas bubbles aauis at once 
given off from the negative electrode. One-fifteenth of a cubic 
inch Avas obtained in an hour and a half, and when this Avas mixed 
AA'ith an equal A'olume of air the mixture expkah'd on the approach 
of a lighted Avax taper. 

Although these ob'-ervers exjjccted the decom]')0''ition of water, 
they Avere not prepared for the astoiiLhing fact that. Avhile the 
hydrogen apjjeared at the exposed end of on(> of the Avires. the 
o.xygeji aj)peared only at the eml of the other, nearlv il inches 
distant. This jdienomenon was to its discoverers inexplicable. Thev 
made the very relevant and acute reniai'k that this iicaa- phenomenon 
•• appears to sIioav jjerhajis a general laAv of tin* action of electricity 
in chemical procc'ses.'’ The explanation of this i-euiarkable fact 
has ever since engaged the attention and be-t endeavors of science. 

It is Avorthy of attention also that XichoLou and Carlisle ol)-erved 
that chemical action take-, jfface in a A’oltaic cell Avhen it function- as 
a source of current. In oilier word--, they I'ecognized that a Aoltaic 
I’cll is also an elei'trolytic cell. This is the lir-t of nianv facts which 
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tell 4 "olta's contact theory of the electromotive force of a 

voltaic cell. Volta himself asserted that the chemical actions goiiig 
on ill a voltaic cell have practically no essential significance. 

In this same celehrated year of ISOO CiTiik^^haiik decomposed lead 
acetate between silver wires. A minute or two after connection tvas 
made he obserted lustrous metallic lead crystals on the negative 
electrode, while gas was released at the positive. Cruikshank called 
attention to th(' fact that only liquids containing oxvgtm conduct 
electricity, and he ap2iears to have concluded that electricity seizes 
on the oxygen ami transports it invisibly to the iiositive pole. Xot 
so far removed from this concejttion is the })i'esent view that the 
oxygen conveys an electric charge rather than that the charge con- 
A'eys the oxygen. 

The se])arate appearance of the two i)roducts of deconptosition at 
the electrodes was tlu' most noteworthy, and at the same time the most 
inexjtlicable fact of electrolysis to all the chemists and ^diysicists of 
the dav. An unknown corres^miident in Xicholson's Journal ex- 
2)ressed hinisidf as follows : 

1 shdukl like to iiuiuire how it can lianpeii in any system that the two com- 
liomails of water can ln> eatiseU to ai)|ieav at sn<-Ii a distance from each other. 
Does the liydroytm from tln> dissociated particles of water at the zinc side of 
the pile lly from it .at tl'.e instant when tlie oxygen is liberated there’.' If that 
is so. why does not one see th" iras Imlddi'S on tin' way? Or does the oxycen 
miyr.it.' I'roin the silver side to the zinc side? Or are there two streams at 
once? 

It should he remembered that Volta attached an extra zinc ^tlate to 
the silver at the ^tositive etid and an extra silver 2)late to the zinc at 
the negative end. both in the case of his dry jtile and crown of cnjts 
or voltaic battery. Hence, in the early literature the zinc side means 
the ifositive and the silver the negative. 

^ir Humjdiry Davy was early in the field of electric research, and at 
once distanced all his English c{)iifreres by the numlfer and iiiijfortance 
of his detail discoveries. In particular at the outset he oliLained oxygen 
and hydrogen in dithu’ciil tubes sppiu-ated in tin' circuit by the inter- 
2)osition of his ow n |)ci’son as a conductor, and he 2)roved conclusively 
that the two gases are evolved in the same relative 2)roifortion in 
which they exist as elements in water. But Sir Ilunqdirv Davy 
added little to the theory of electric action in electrolysis. Xear the 
close of one of his jiaifoi’s j)uhlish<'d in Decemlier. TsOO. he remarks: 

On tliesi' fa<-ts I sli.-ill not presume to speenl.ite * * ’’k Jinny ol>sei'- 

Viitions must lie collected, prolialily. Iiefore we shall he able to ascertain whether 
water is deeonipos(>d in pilvaide jinu-esses. Supposing its decomposition, we 
innst assume that at least one ol its elements is capable of rapidly passing in 
an invisible form throngh metallic substanees. or tlirough water and many 
connected organic bodies, and such an assumption is incommensurable tyith 
all known facts. But a short period has elapsed since philosophers beheld 
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with woudor solid and fluid sul)stanoes assiiiiiiiiK now inodes of existeuee in 
different gases. Po not The new phenomena of gal\anism authorize us to 
hope that at no very distant time they will behold even tliose gases undergoing 
novel changes and existing In new and now unknown forms? 

The diffuseness and lack of concreteness of ideas in those early 
days of the science, before the time of Ohm's law, are strikino-ly 
illustrated in the following extract from a syllabus of a course of 
lectures delivered by Davy in the theater of the Koval Institution 
in January. 1S02 : 

The agency of tlie galvanic influence which occasions chemical changes in 
water and communicates shocks to file living body is prolialjly in sime measure 
distinct from that agency which produces sparks and tile couilmstioii of liodies. 
The one appears, all other circumstances lieing similar, to have littli' relation 
to surface in compound circles, but to he great in some imkiiowu projiortion as 
the sene.s are uinuerons. Tlie intensity of tlie other seems to lie as mncli 
connected with the e.xteusiou of the surface of tlie series as with their number. 

DavA’ AViis not at that time able to distinguish between elcctro- 
motif’e force or electric pressure and strength of current. 

The long contest waged between the supportei's of the contact 
theory of electric action in a voltaic couple and the chemiiail theory 
is briefly alluded to in this same syllabus. Avithout any clear intima- 
tion of the position taken by Sir Humphry himself; 

il. Volta has suiiposed tliat an olectrical current is always produced liy tlie 
mere contact of certain different conductors of electricity. But many of the 
British pUilosopliers have denied this position, accounting for galvanism from 
the destruction of the eiiuilibrium of eleetrieit.v in galvaiiie circles in conse- 
Tuence of the chemical agencies of tlie different bodies eoniposing them. 

On Xovember 20. IbOii. DaA'y read Jiefore the Koval Society a 
Bakeriaii lecture on " Some chemical agencies of electricity." In 
this lecture ho takes a decided position against the chemical theory 
of electrical excitation hehl by many British iihilosophers. He says: 

The general ideas advanced in the preceding pa.ges are evideutl.v direetlj' in 
coutradietiou to the opinion advanced li.v l-'abroiii. and wliieli. in Tlie early 
stages of inyestiaation. appeared extremely proiiaiile. namely, that eliemical 
changes are the iiriiiutni causes of the phenomena of calvanism. 

Before the experiments of AI. A'olta on the eleetricip' excited iiy the mere 
contact of metals were pnldislied. I had to a eert.un extent adopted this 
opinion: init the new tacts immediattd.A' piroA'ed that aimtlier power must 
necessarily bo eoueerued. 

In this same lecture we find suggestions by this di'tinguished phil- 
osojffier liarmonizing Avith the celebrated theory of (Trotrlup; but no 
credit is due to DaA'y for these suggestions, becau.-e Grotthus ])ub- 
lished his theory in the year ISO.j in Komo under the title : " ilemoire 
siir la decomposition de I’ean et des eorps. qu'elle tieiit en di-solu- 
tion, a Taide, de Telectricite galATUiique." A second edition folloAved 
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the next year, and the memoir was also published in the Annales de 
Chimie in ISOh. Sir Humphry says : 

It is very natural to suppose tlint the repellent and attractive energies are 
communicated fnim one purtirh- to anutlirr itmtirlc of the same kind, so as to 
establish a conducting chain in the fluid : and that this is really the case seems 
to be shown by many facts “ *. 

In the case of the separation of the constituents of water, and of solutions of 
neutral salts forming the whole of the chain, there may possibly be a succession 
of decompositions and reconiiiositions throinrhout the fluid. 

Osttvald says ( Eh'krrochcmic. d07) that the different theorie.s 
joroitosed to exjtlain the separate evolution of the jtroducts of elec- 
trical decomposition vied with one another in imjjrobahilitv, and no 
one of them was free from the most seriou.s objections. When at 
length one view met with general acceptance it was not so much 
because of its unconditional excellence as because it tvas at least rela- 
tively the best of all. 

Hear the account of ( Irottluis himself relating to the origin of his 
theory. He says : 

Volta's pile, which made The genius of its inventor immortal, is an elec- 
trical magnet, of which each element — that is, each pair of plates — has both 
a positivo and a netrativn Tho <'onsidei*ati(tii of tins polarity lias suggested 

to me the idea that a similar polarity might form between the molecules of 
^Yater when it is acted on by this saiiK' eie<-tri('al agent; and I must confess 
that this was for me a gleam of light. 

Freiherr von Grotthus was a most interesting character. At the 
age of a year and a half the death of his fatlier left him to the care 
of his mother, and he lived with her on her landed estate in Lithuania, 
near tho borders of the Baltic province of Kurland, till his seven- 
teenth year, dhe ta^te for science develojied in him at an earlv age. 
but it tvas stifled in the most brutal and iinsymj)athetic manner by 
his teacher, wlio had luntlicr the taste nor the intelligence for the 
studies to which the genius of Grotthus inclined. In the year 1S03. 
at the age of Is. he went to I.eipzig to study, and after six months 
there he betook himself to Pan-', where he listened to tlie lectures of 
the most distinguished tihilosojffiers of the time. The threatened 
wmr between France and Kussia compelleil him to leave Paris, and 
he hastened to Xajiles, where he remained till the end of the year 
1805. Through his fortunate acquaintance there with a distintfuished 
English jthysieian named Thomson, wdio was the owner of a small 
galvanic aiqmratus, our young natural filiilosopher was enabled to 
refieat the experiments of Professor Pacchiaiii, whicli were then excit- 
ing much attention. The result was his theory of electrolysis, first 
Ijublished in 1S05. wdien its author was not more than 20 years of age, 
a theory which held sway for nearly three-quarters of a century and 
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which has forever linked his name with the history of electro- 
chemistry. 

Lmler more favorable conditions of birth, education, and sur- 
roundings (frotthus might have become one of the most di.stinguished 
investigators of his time. But in the autumn of 1^07 he felt com- 
pelled to return to his ancestral estate and to busy himself with the 
duties of manager. Here in the country, in a remote angle of 
Lithuania, for the most part without literary associates, and lacking 
often the most essential means of re.search. he wrung from nature 
some of her well-concealed secrets and wrote nearly all his contribu- 
tions to science. 

For years he sulhn'ed unspeakably from an incurable organic mal- 
ad}’. The trouble increased from day to day. and iiiially reacheil such 
an acute stage that he was brought to the rash decision to sever vol- 
untarily the thread of life. He died in at the age of 37. 

The Grotthus the(jrv of the meclianism of electrolysis does not 
respond, as we now know, to the fact-i of later discovery. But since 
for the first time it nunle comjirehensible the phy'ical possibility of 
the phenomena of electrolytic decomposition it has enduring value. 

Grotthus conceived that a species of polarizatioti is set up in the 
water by electrical agency, so that the positively charged elements 
are turned toward the negative electrotie and the negatively charged 
ones in the other direction. ALo. that at the moment of separation 
of the oxygen and hydrogen from taudi other a diti.sion of their 
natural charge of electricity takes place, in some way not explained. 
Attractions and repulsions follow; also the continuous movement of 
two streams of charged particle.s in opposite directions, through the 
process of molecular interchanges or the exchange of partner.s whose 
conjugal bond is chemical affinity. Grotthus does not ajjpear to have 
got the conception that a current in an electrolyte is the convection 
of jiositive and negative charges in opposite directions, but his theory 
was directed toward the explanation of the most obvious and novel 
fact that the products of the decomposition appear at widely dis- 
tant 2 )oints. He distinctly remarks that the ])rocess. as he conceives 
it, involves decomposition at the electrodes only, where the current 
passes betwt'en the electrode and the electrolyte. He says : 

I coiii'UHie. tlioivt'ore, that if it aatfo ptissiblo to itruduGG in water a curront 
of j;alvauii' eloctrioity so that it ^il^ould desorihe iu it a conijilete oircuit. all tlit‘ 
Hioleoules (tf the liquid whitdi are iu this circuit wtnild at the same instant 
h(‘ decomposed and again reformed; whence it follows that this water, although 
it underlies the action of galvanism, w’ouhl still always rtanain Avater. 

Grotthus had no consistent idea of the relation between the charges 
carried by the comjmnents of a molecule and the jiassage of a current. 
The current ap 2 jeared to him only to align the molecular com 2 ionents, 
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and the resulting muleeular cleavages and re-foriiiations 'ivere due to 
the attraction and repulsion hetweeii the electric charges, or their 
polarity. Ilis conception vas crude and imperfect compared with 
the corresjjonding concepts of the present time. But it showed at 
least that the phenomena of electrolysis take place by a conceivable 
process. If it did not .satisfy all intellectual demands, it quieted 
clamor and bridged the gulf between the known and the inexplicable. 
It was indeed a gleam of light that has never been elfaced : and we 
owe an everlasting debt of gratitude to the farmer philosopher of 
Lithuania. 

Grotthus gavt' a viiid picture of the chief plKmomenon of elec- 
trolysis. the ai)pearance of the separated constituents at the electrodes 
only. The knowledge of his time scarcely reached beyond this one 
fact. It was not long, however, before new observations were made, 
which could with dilliculty be fitted into his picture. 

The essential fact which the theory of Grotthus was incompetent 
to answer satisfactorily uas that the smallest eh'ctroniotive force 
may product' a current through an electrolyte, and the strength of 
this current follows (Jhm’s law. 

Grotthus assumes that the application of an electromotive force 
to the electrodes gives rise to a polarized condition of the molecules, 
and that at the instant of the .separation of the hydrogen and oxygen, 
for example, a separation of their natural charge of electricity takes 
place, either through contact or friction: so that one part becomes 
electropositive and the other electronegative, ddiis perhaps means 
that the normal condition of an electrolyte is one of e(|uilibrium 
with rigidly combined molecules. Grotthus did not aj)pear to con- 
ceive of the cleavage of a polarized molecule until cun'(>nt passed. 

From the time of Grotthus there was a long pause of fifty years in 
the theory of electrolysis, for no important step was taken until 
Clausius, in iSoT. pulilished his ])rofoun'l modification of the Grotthus 
theory, ('lausius's study of tin* kinetic theorv of heat prepared him 
to ajiply similar princi[)les to the iiiterjiretation of t'lectrolytic phe- 
noinena. lie leaves no doubt about his meaning: his conceptions 
are always clear and clearly expres.sed. I will let him speak for 
himself : " 

Let there be a liiiiiul. consisting wholly or in iiart of electrolytic inolecules : 
and let it be assumed that thi'se molecules are arranged in the natural coiidi- 
tioii of the liquid in any detinite manner in which they iiersist. so long as no 
foreign tone acts on them, while the iinlividual molecules osciihue t)ei'hai)S 
aliont their laisitioiis of eqnilihrinm. Imt are im.ibie to get (|uite .-iway troin 
tla'in. Further, let an attraction l)e a.ssumed liotweou two iiart-inoh'cnios, as 
there must lie in every ]iossiI)le arrangement, ainl let two imrt-uiolei-nlos l)e 
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bounrt together iuto a whole molecule aud. therefore, very near together ; then 
the attraction binding them to.gether is greater than the attraction between 
the positive part-molecule of one couipilote molecule and the negative of another. 
If now an electric force acts within this mass, and seeks to urge the positiveiy 
electrified part-molecules in one directi(>n and the negatively electrified ones 
in the other, then the ipiestinn arises what intliience this electric force must 
exert on the behavior of tlie moleeules. 

Inasmuch as the molecules are assumed to lie capalile of rotation, the first 
effect would plainly lie to turn all of them iu the same manner, so that the two 
ojipositely electrified portions ef eacli complete molecule would lie turned in 
the direction in wliich tliey are urged hy tlie acting force. Furtlier, the force 
would seek to seliarate the iiart-molecule.s muted in a whole or complete one 
and to move them in o]iposit(' directions; and if this niutiou ensues, then tlie 
positive part-molecule of one whole one would iiu'et tlie negative of the 
following and would combine witli it. P.iit now. in onler tliat the unco united 
part-molecnles iiia.v lie seiiarated. tlie attraction which tliey exercise on each 
other must lie <ivercome. Tiierofore a for<-e of definite strength is necessary, 
and one is thus led To tin* conclusion fimt so long as the force acting on the 
eondiictor does nut have tliis strengtli no decomiiosition whatever can take 
lilace, and tliat. on the contrary, if tli<' force is iiicrea.sed to the reituisite strength 
very many molecules must lie deeouiiio.sed at the same lime, since they are all 
under tlie infiuence of the same force and liave jirei-isely tlie same relation to 
one another. 

’iVith respect to the electric ciirrenr, tlie conclusion can be expressed as follows 
if it is assumed tliat tlio conductor condm ts oul.v through electrolysis. So long 
as the force acting on tlie conductor is below a certain limit it will produce 
no current whatever, Imt if it lias rc.-iclied tliis limit, then suddenly a very 
strong current will tlow. lint this l•()llclusl<lu is tl.-itly contradicted liy expe- 
rience. Even Tile smallest force causes a current. <'oiulurted by alternate decom- 
positions and reiininns, and the intensity of this current increases in accordance 
witli (Jilin's law in proportion to the electromotive for< e. 

It follows from thest' considerations that tlie alio\e supposition to the effect 
that the part-molecuies of an elei trolyp' are hound logetliiM- in tlie fixed relation 
of wliole molecules and that tlie.'e ha\e a dehiiite aud regular arrangement 
must be untrue. 

I lielieve therefore that tlie following bytiotliesis by which this contradiction 
is removed, aud which, as it seems to me. is in liarniony with other known 
facts, deserves some consideniTioii. 

In niy treatise " On the mode of motion, w iiicli \\'e i-all lieat.*’ I liave expressed 
the view that in liipiids the molecules have iio lietiiiite tiositions of equilibrium, 
about ttliicii they only os( illatc. Imt that their motions are so lively that they 
therebj' constantly cuiue into entirely < han.ged .and iieiv rclation.s to one another 
and move among one aiintlier in an irregular way. 

Let us now imagine in an elei trolytic liquid a single jiart-molecule present, 
for example, an electro-imsitive uiie. tlie eleetiic.il condition of which we shall 
assume is exactly the same as at the moment when it was separated from a 
couqilete inoleeuie. I believe now That while tliis iiart-moleculo moves about 
among the wiiole molecules, under tlie many relations which it can assume, 
sometimes those will occur in which it will attrac t the negative part-molecule 
of an uudi.ssoeiated molecule with greater force than that with which the two 
Jiarts belonging to an uiidissoeiated uiolecule, whose relation to each other is 
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not entirely niichaii5;ealilo, attraot each other at this same instant. As soon 
as this conditiou occurs it will soon join itself to this negative part-molecule 
and the positive i>arl-uiolecule formerly honnd to the same therein' becomes 
free. Tliis one now in turn moves about free and after a time decomposes 
another w hole molecule in th.e same manner, and so on. All these movements 
and decompositions occur in the same irregular manner as the heat motions by 
which they are -et goine:. 

When now in a lipuid. wliose niolecnles already find themselves in such 
motion tlial they e.vchaiige their part-molecules in an irregular way. an electric 
force a< ts whiili tries to drive all the im.-itive iiart-nioleimles in one direction 
and the negative ones in the ojiposite. then it is easy to understand what dil- 
fereiu cs in the mode of the molecular nioveineiits must ensue. 

A free part-molecult' will tluui no longor follow the irregularly changing direc- 
tions which it is lorced to )unsue hy the heat motions. Iiut it will ( hange tlio 
direction of its motion lo corre.spond with the acting force; so that although 
tile motions of tiie positive ]iart-nu)lecules are very irregular still a certain 
direction will prevail among them; and likewise the negative part-molecules 
will move under compulsion m the oppiosite direction. 

51: ^ ^ 

If one considers within a Ibjuid on wliich an electric force acts a small sur- 
face at right angles To the direction of the force, then through this area more 
positive part-niolcculcs pa^s iii unit time in the positive direction than in the 
negative, and more negative part-molecules in the negative than in the iiosi- 
tive direction. ' * so that a certain excess number of positive part-mole- 

cules go in tho positin' iliroitioii and a certain excess nmiilier of negative part- 
molccules in the ncgati\e direction through the small area. The magnitude 
of these two numbers dues not m eil to lie the same, since it depends also, out- 
side lit the force urging tin m, which is tlie same for both, ou the degree of their 
mobility, and this may for m.iny reasons be ditferent for different part-mole- 
I tiles. 

'i'liese ojitiosile movements of tlit' two kinds of part-molecules compose tile 
voltaic current within a liipaiii. 

r.y this coiiicptiou of the state of lirtuids the difficulty mentioned above 
vanishes. It is rcadiiy seen that the inilueiice which the electric force exerts 
on tile irrcgiil.ir laolci ttlar dci oinpositions and niotlons already existing does 
not lieain w lieu the force h.is reai lied a certam value, but that even the smallest 
force must ai t oii them, and that the aiuomit of this aetion must inereaso with 
the magnitude of the ferce. The entire piroeess thou agrees well with Ohm's 
I'tW. 

If wo compare tho older Crotthns theory with the one here developed, tho 
difference lies ehielly in this; In the former it was assumed that the motion 
is first liroiiglit aliont liy the electric fovi e and takes place in two definito direc- 
tions only, while the dccomiiosilions go ou regul.irly from molecule to molecule, 
liut in tile latter the motions already i>resent are only modified, not to the extent 
of making tlicm entirely regular, hut only so that auiuiig the great multitude of 
motions those in the two definite directions iirevail. 

These ideas of Claiisiiis are so fundamental in the modern theory 
of eleetroly.'is tliat I have tlioiiglil it he.st to translate them freely 
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ratlier than to paraphrase them. Chinsiiis heloii^s to oiir own day. 
The g'rai' hair and beni”n expression of this beautiful old man 
made a lasting impression on me as I .saw him at the International 
Electrical Congress in Paris in ISSl. 

Grotthus conceived of the motion of the jiart-molecides as taking- 
place under electric force only by the progressive exchange of part- 
ners in a polarized chain of molecules. Clausius rejected the fixed 
e(|uilibrium in the normal condition of an electrolyte, and assumed 
some free part-molecules or. as Faraday named them, ions: and the 
dissociation imagined by Clausius may be descril)ed as temporary, 
or a continuous exchange of partners in chemical association. lA il 
liamson a^ early as ls.')l declared "that in an aggregate of the 
molecides of every compound a constant interchange l>etween the 
elements contained in them is taking place.” This view Clausius 
rejected. The as-.nniption that only a f(-w of the molecules in a 
solution are dissociated iiito ions appeared to him to satisfy the facts 
of electrolysis. 

The first attempt to answer the (piestiou as to the manner in which 
the facts of electrical conductivity are reconcilc'd with those of 
general chemisiry "was contained in the theory of (-rrotthiis; the sec- 
ond attempt was made by Clatisius in lS.i7. and thirty years later a 
further answer was made in the worlt of Arrlnmius. 

Another ijiiestion relates to the intimate relation between the pas- 
sage of electricity through an electrolyte and the sinudtaneous motion 
of the icjiis, the ponderable attemlant of the electrical transfer. The 
law of Faraday paved the way for an answer to this question; the 
reply of the jjresent is largely the work of Ilittorf and of Kohlrausch. 

The simplest statement of Faraday's di'coverv in electrolysis is 
that the pas-age of a fixed quantity of electricity is always as-ociated 
with the tran-fer of a gram (‘([uivalent of the ion. The passage 
through an electrolyte of UCi. .■>.■(() coulomb- of electricity always 
release- or depo-its a gram equivalent of an ion; that i-. a gram 
molecule of an ion whose valence is one, or half a gram molecule of 
;:a ioii who-e \alence is two. This law demonstrates that tluu'e is a 
lixed minimum, called by Helmholtz t/«' dhunir r /o/rge. conveyed 
by univalent ion-, other- conteyiiig only iuiegral multiples of this 
charge. 

The re-ear<'hes of Ilittorf on the migration of ion- demonstrated 
that the ob-erved change in concentration at the electrodes during 
electroly-i- makes it neces-ary to a— ign to the positive and negative 
ion- dilferent velocitie-. Hittorf's work, though of fundamental 
importance, commanded but little attention at the time of its publica- 
tion. In fact, it was oppo-ed by the leaders of physical science and 
was not accepted till thirty years later. 
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Let me now recount >everal ^tep< in the rexi^ion of ilecU'olylic 
llieoi'V. 

tlrottlm-' supposed " that at the moment of the "epTeo-ated appear- 
anc(' of the hydrogen and oxygen there take-: jilace a divi~ion of llieir 
natural electricity, either by their contact or by mutual friction, so 
that the former assumes the positive, the latter the itegative condi- 
tion." and that the links of his chain exchanged ]'iartners in -nch a 
way as to leave only the end links free. 

Clausius assumed " that the ions are not permanently united with 
each other: that jtart of them exist in the liquid in an nnconiliined 
state, wandering about sei'king partner'-." The dectric force impo-'cs 
on all free ions a uniform drift. To Clau^iu--. therefon-. should be 
assigned the introduction of the theory of di'-'oc-iatiou to explain 
electrolysis. But the dissociation of C’lausiu- wa.- only -light and 
was coni'eived to be the aecompanimt'nt of a shifting and unstable 
equilibrium. 

Scientific judgment respecting the assumption of Clausius re- 
mained in abeyance for thirty years, when Arrhenius published his 
celebrated memoir on I'he Dissociation of Sub-taiicc's Di— olvc'd in 
Water. An intermediate step, not originally devott'd to the tlu'ory 
of dissociation, was Van't Ilotf's pai»er on The Ihfle of Osmotic 
Pressure in the .Vnalogy between Solutions and (rases. The signifi- 
cant feature of this paper i- the generalization of Avogadro's law to 
the eri'ect that — 

The iH'essure wliicli .a ii.-is exmls .at a irjx'eii temi'eratnre it a deliiiite iiuiiiliei' 
(if IllDlecules is I iiIlT.ailK'll ill a detllliti' velnnie is ei|ll:ll to tile Cisnietie ure-sul'e 
wliieli is in'iHliiced liy iii(j>-l under the .same ' euditioiis it they are 

dissolved in any siveii liiinid. 

Th(' major p.irt of Van't IIotl"s paper dmils with nonelectrolvtes 
or organic compounds, such a- a solution of sugar, which show little 
or no deviation from Axatgadro s laxv a- tipjtlied to o~motic ju'es-ure. 
When he alludes to those sub-tances which exhibit aluiormallv large 
osmotic jiressure. he acknowledges his indiLtedne— to the jier-onal 
suggestion of .\rrheniu- to th(r effect that the solutiou- obeying tin' 
law of Avogadro am nonconductors of eleclriidly. a fact indicating 
that they are nut broken down into ion-, xvhile -olulion- which aiv,. 
higlnu- values of the o-motic pre— tire than accord with the law- of 
gases are all electrolyte-. But if thi'se suif'er partial dis-oclation in 
solution, then the number of particles is increased, each ion contrib- 
uting to the ])ressure as much as a comjilete molecule. The exces-ivi' 
o-motic pre-sure is thus accounted for. 

Arrhenius divided tin* molecules in a condnciing solution into 
active and inactive tnufion-. The former are tho-e who-e ions are 
independent of one another in their movement-: the latiiu' are the 
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remaining molecules Y’liose ions are firmly bound to each (jtlier. and 
the ratio between the two he called '■ the activity coetlicienr.'' 

The significant conclusions of Arrhenius are: 

1. “ That Van't Hotf's law holds not only for but for oil 

bohsfancts. even for those which have liithei’to Iteen regarded as 
exceptions (electrolytes in aqueous solution).” 

2. "That every electrolyte (in a(]ueous solulion ) con-^ist' 'partly of 
active (in electrical and chemical relation) and partly of inactive 
molecules, the latter passing into activ(‘ molecule^, on increasing- the 
dilution, so that in infinitely dilute solutions only active molecules 
exist." 

The ratio of the active to the inactive molecules, or the activity 
coefficient, is intimately connected with the electrical conductivity of 
solutions. iNIolecules dissociated into ions are ahjiii' capable of con- 
ducting or conveying electricity through a. solution. The inactiv(‘ 
molecules are at best only inert and take iio jjart in the electrical trans- 
port. The activity ccteflicient increases with the diliitiou — that is. the 
molecular conductivity, which expres-es essentially tlu' condm-tance 
of a given number of molecules in solution, i- greate~t when tlu- dilu- 
tion is suclt thiit all molecules of the solute are dissociated. This is 
the essential significance of the re-earches (tn eiet-ti-olyiic r-ond^(-ri^'it^'. 
so far as they hear on the theory of elcctr()ly'i'. 

The transition from the incidental and almost inlitiiteslnial dls>o- 
L-iation assumed by Clausius to the ideal infinite dilution and coiii- 
plotc dissociation taught by the " Lci])zig .'s(-ii(>o] ” marks the ('s-ential 
revision of the theory of ele(-ll-oly^is made in ro-ciit yieu-s. 

The tlieory of ionization has now ])as'ed bevi-nd the boitnds of 
electrolytic sohitions. As ^hin't Hotf ini])ot-ted tlu- gas law into 
solutions to explain osmotic pi-es~m-e, .-o other,-, like J. d. ThoitHou. 
have seized on electric- convet-tion by ions to explain ck‘(-rrieal dis- 
charges through gases. It is now conc('ded that the (udy tenable 
explanation of electri(’ currents through g.ise- i- that of convection 
by ions. The ionization of gasc- is brought abmit by ultra vioh-t 
light, by Eoentgen rays, and l>.v the radialion~ from radio-actica- 
substances. The elec-tric (-liai-ge (-onv(>.v('d by iuu- in ga-e- appears 
to be identical evith the charge i-(Uivcycd by ion- in an ch-ctrolyte in 
aqtieons sohition. but the ma--^es conveying negatixe (-liarit'i-s ai-e nnlv 
about the one-thoii-andth pai-t of the li.vdrogcii ion. 

The passage of electricity throug-h a ga-, a- cvcl) as through an 
electrolyte, is ac-coinpanicd by <-hemical (-liangcs: and (-licinical dci-om- 
position. say- J. T. Thomson, i- not to be <-onsii!ei-eil an a(-(-idontal 
attendant on the electri<-al dischai-gc. Imt an c— ential tValui-e without 
which it could not 0 (-cm-. 

In j-exiewinit the change-, that have o(-(-urred in the theory of 
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electrolysis I would not be understood to imply that we now have the 
ultimate truth. Many cogent objections have been urged against the 
theory of dissociation in its present form. Theories should be 
regarded as helps or scall'olds only; they are necessary for the con- 
struction of the edifice of truth, and they finally disappear like the 
staging. AVe should use them as temporary expedients, not retaining 
them till the whole edifice is comjfieted, but only until a grand arch 
is finished, some minaret or tower emerges against a clear sky or 
light streams through some noble window. 

The j^hysicist or chemiT. who is more intent to ascertain the truth 
than to preserve consistency, liokls to a theory no longer than he finds 
it able to furnish support. Faraday, the prince of research, said 
that experimental work is a gi-eat disturber of i)reconceived theories. 

Just now the disso<'iation theory is in a state of siege, with many 
valiant defenders. The objection is urged that there are many cases 
of electrolytes in solution in which the osmotic pressure does not 
exceed that required by the gas law. lienee, there can be no dis- 
sociation. Also that the simplest cases of electrolvsis are those of a 
molten salt, such as silver electrodes in molten silver chloride. In 
these cases there is no complication with a solvent and no dissocia- 
tion by solution. In what way. then, is that migratory freedom of 
the electrically charged part-molecules, which is assumed in the 
theory of dissociation, secured in a molten salt f Doctor Kahlen- 
berg has shown that " a normal solution of trichloracetic acid in 
allyl mustard oil is a poorer conductor of electricity than the jmreA 
water which Ivohlrausch ever prepared in contact with air, and 
yet this solution attacks dry magnesium rapidly, and decomposes 
dry carbonates of sodium and potassium." But chemical reactions 
are assumed to depend on dissociation into ions, as does electrical 
conductivity. 

This much is generally accepted : " The ions must be free to move ; 
but this migratory treedoin may be secured either by ionic inter- 
changes between the molecule-, as Clau-ius imagined, or by a pro- 
longed separation in accordance with the dissociation hvpothesis of 
Arrhenius and Planck. The essential point in the general ionic 
theory is the migratory freedom." 

The solution of ob-cure problems, like those of electrolysis, in which 
event the chief agent itself is an elusive enigma, is necessarily one 
of prolonged effort, with many a flamboyant processional and the 
not infrequent refrain of tlie later rece-sional. But there is no occa- 
sion for discouragement, for we are de-tined to struggle forever with 
the unsolved problems of the here and the hereafter. 

It is often darkest just before the dawn. Sometimes, too, we 
emerge into the light with a suddenness that blinds before the eye 
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adjusts itself to the new illumination. One dreary day in April I 
look the train in Switzerland over the St. (fotthard route. We 
eutereel the ziorth end of the tunnel at Goeschenen with a clouded 
sky and snowllakes swirlinjr throuj^h the air. Ten minutes j^assed 
in the darkness a thousand feet beneath the village of Andermatt — 
fifteen, seventeen, and then the train ran out on the Italian side of 
the great di^■ide. at Airola into a burst of sunshini' and clear sky 
and white-capped Aljjine jzeaks and tempered winds and the pale 
green of oliv(' groves. So sudden was the transformation that an 
involuntary exclamation of surprise and delight ran through the 
train. The experiences of the last twenty tvars warn us that we 
must be j)re])ared for similar surprises in the illumination that 
physical science is shedding on the world of nature. We need not 
protzhesy; we need oidy work and wait. 
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I. AtTlVITV IN Sdl.Ai; I N\ KMTKiATlOX. 

Each iJcriotlic roturii of the time tif maximum ^un-spot occttrreiiec 
brings tvith it a froheiieJ interest ami renewed activity in solar 
observations. This revival of solar research has been tmcommouly 
marked of late, and promises a steady and fruitful continuation of 
'work, even now that the sun-spot maximum has passed. Two impor- 
tant international couh'renees to consider solar I'csearch have been 
held, the first at St. Louis in 1004. the second at Oxford. England, 
in 100.”), and aii " Inti'rnational Union for Cooperation in Solar 
Research " has b(>eu formed. The success of this ])romising tnove- 
nient has been principally due to the eti'orts of Prof. George E. 
Hale and Prof. Arthur Schuster, who by extensive corresjtondence 
and personal intercourse with astronomers and iihysicists. and by 
obtaining the suppt)rt of the International Association of Academies, 
secured a good attoudauce of men of ability at th(‘ two conferences 
just mentioned. 

To understand the objects of the Union, it may be recalled that not- 
withstanding that the sun is the promoter of life on the earth, the 
controller of climate, and the only star which is near enough to admit 
of detailed study, yet obs(>rvation of this, the most imj)ortant celes- 
tial object, has hitherto been chietly limited to eclipse observations, 
estimations of suii-spot numbers, apiiearance of the prominences, 
regulation of time, and occasional observations of peculiarities of 
s23ectrum, time of rotation, and distribution of brightness. The 
nature of sun-sjaots. tlu' cause of their ])eriodicity. their level as com- 
pared with the ])hotOsphere. the causi' of their drift over the surface 
of the sun. the nature and thickness of the envelojie which absorbs 
the solar rays, the exact wave lengths of the lines in the solar 
s 2 j)‘ctruni. the nature of the corona, the amount of the solar railiatioii 
available to the earth, the (inestion whether solar radiation is con- 
stant or v ariable in amount, the connection between terrestrial mag- 
netism and solar activity, the. deitendence of the earth's climate on 
the solar radiation, the temjierature of the sun's sm-face, the (lues- 


SM luuu 


■it 


Ibl 



162 


KECEJs'T EKOGKESS 1:N' ASIEONOMIEAL KESEAKCEI. 


tioii as to the source of the heat of the siin — all these a.iul doulitless 
other questions of equal interest are still in dispute. 

The Union seeks to foster a spirit of intore~t in solar research; to 
suggest needful investigations: to avoid unnecessary duplication of 
work: to promote, where desirable, uniformity of methods of reduc- 
tion of observations: and especially to encourage solar observations 
in regions of the earth where they have hitherto been neglected, s,) 
as to tend to kee}) the sun always under obseiwation. that no unusual 
and interesting phenomena may escape being recorded. Besides 
these general activities the following special subjects were discussed 
and are receiving the attention of expert subcommittees appointed at 
the O.xford meeting. 

/. St(ni(]n)-(lx of tnii'c — The first absolute measures of the 

wave h'ligth of light were made by Sir Isaac Newton about the year 
1704. although he did not recognize light to be })ro 2 :>agated l)y waves 
at all. and inteiqireted hi" result" in accordance with the coiqinscular 
theory. The first advance came with the invention of the dilfraction 
grating by Fraunhofer in bsl.'). and his measurements of the wave 
lengths of the principal lines of the solar sj)eclrum were the standards 
till 1868. In that year Ang"tr(>m published the first map of the solar 
spectrum Uijon the normal or wave-length scale. l)asing the wave 
lengths iq)on his own determinations. In ri‘cognition of his great 
work, wave lengths have generally been stated since hi" time in tlie 
so-called "Angstrbm units." or ten millionths of a millimeter. Thus 
the wave lengths of the yellow lines of sodium are near 5.800 
Angstriim units. 

Twenty years later a new era of spectroscojiy was made 2)0"'iljle 
by the work of Rowland, .\fter inventing devices for correcting the 
errors in the cutting of screW". and other dcwices for correcting the 
errors which woidd be introduced in actual ruling by the errors left 
outstanding in the mo"t perfectly corrected "crew. he ruled dilfraction 
gratings of an order of excellence and size till then uua])proached 
and only very reccmtly excelled, lie invented also the concave grat- 
ing. and showed how it might be U"ed in the sjcectroscope without 
additional aid of leii"C‘s or mirrors to focus the rays. 

There is a characteri"tic of the grating spectrum which was used 
by Rowland. Langley, and many othcns for connecting (as was siqj- 
I)Osed. rigidly) the wave Icmgth" of ditfercmt sj^ectral rays. This 
consists in the fact that a large number of sjjectra are thrown by the 
grating in the same dirc>ction. so that if light of wave length 7.000 
Angstrfim units was found in the sjx-ctrum of the* fir"t order at a cer- 
tain i)oint. thc're would be* at the same ])oint light of 

* * Ang"tr(im unit" ici the higher orders of spectra. 

Aided by this relation and enqaloying the new and unexcelled con- 
cave gratings, together with photographic j)lates of the finest grain 
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which he made for the pRrpo~e. Rowland photographed the spectrum 
of the r-uu and that of immerons inetaR as ])rodaced in the electric 
arc. giving- the wave lengths gejierally to thousandths of an Angstrilin 
unit or to seven jilaces of figure^. The publication of these results, 
including thousands of spectrum lines hitherto unrecorded, together 
with very numerous statements of the coiiicideiu-es of solar and 
metallic lines, was thought at the time to be the last word on the 
subject of standard wave lengths which would be needed for many 
years. Rowland, however, did not determine the ab-olute scale of 
his system of wavt- lengths, Imt based it on the measures of the wave 
length of the i) lines madt' by Rell and others, and himself observing 
by the method of coincidences, as above explained, stood sponsor ttnly 
for the relativt' accuracy of the inejisures thi'oughout the spectrum. 

Tn IS!);’) IMiclu'Isoii and Ihmoit, l)y the aiil of the Michelson inter- 
ferometer. which, though b;is('d Hnallv ou the sjuno principles as the 
grating, is yet wholly diilVreut in its make-up and ust', dett-rmined the 
absolute wave length of the red ray of cadmium in terms of the 
standard meter. 'I'liese ivsidls pi-o\-<'d that Hell's valtK’ of the wave 
length of D. adopted us the basis (,f Howlaiid's system, was too large 
by about two-tenths of an Angstrdin unit. A little later it was slmwii 
by Jewell that tlu'i'c is a lack of exact coincidence between solar and 
metallic sina-trum lines, and aliout the same time it was shown l)y 
Humphreys and .Mohler that |>ressure played a part in (h'termining 
th(> ai)par(>nt place of lines. Al»oiit IDOO Kayser discovered that 
Rowland's tallies win-e not exactly consistent in themselves, for it 
made a ditl’erem-c'. tvhether the ob'er\-er nn'asurial to otic or another 
of Rowland's lines, tvhat wave length he woidd assign to some line 
intermediate between them. 

About this time IMicln'lson proved mathematically that c('rtain 
errors in the ruling of gratings are possible, which destroy the exact 
validity of the method of coincidences, -o that a line of given -wave 
length in the hrst ordei- spi'ctrum iloes not necessarilv alisolntelv 
coincide with one of ludf that w.ave length in the second-order 
sjtectrum. Kayser iimiKaliately tested this conclusion practically 
with two large Rowland gratings iu his possession, and found dif- 
ferences of as much a' 0.08 .Vngstn’lm uints traceable to this cause. 

Thus ill the course of lifteen years aftm- the jmblicatioii of 
Rowland's spectrum majis it was found that the absolut(* scale of wave 
lengths he had adopted was in error by 0.8 Angst riiin unit and, what 
is far more serious, there exists a source of error unsuspected till 
recently, w-hich has introduced inconsistencies of sci'cnd humb'edths ()f 
an Angstriim unit iu the relative accuracy of Row land's tables. 

These conclusions are independently I'erifii-d liy compai'ison of 
Rowland’s numbers -with the apparently highly accurate deterniina- 
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tions of wave length of numerous lines made by ilessi-s. Perot and 
Fabry with their special interferometer. 

To the general reader it might seem a matter of indifference that 
defects amounting to only one part in 250.000 should exist in the 
relative accuracy of the wave lengths of different solar and metallic 
spectrum lines, but important conclusions in at least three different 
lines of research depend on these small differences. First may be 
mentioned the determination of the motions of heavenly bodies in 
the line of sight of the observe!-, which depend on the measure- 
ment of the shifting of the lines of their spectra. In this work an 
error of 0.02 Angstrom unit in the wave lengths corresponds to a 
difference of velocity of more than a inih- a second. As auotlu-r 
research demanding accurate standards of wave length may be men- 
tioned the comparison of metallic and solar or t)tht'r ccdestial spectra, 
for the jmrpose of determining the constitution of the hea\enlv 
bodies. It has often occurred Inu-etofore that erroneous theories of 
the broadest scope have been based on a sujiposed coincidence of spec- 
tral lines, which truly were of very slightly diff'ering wave length. 
Thirdly, the investigations of regitlarities in the distribtition of the 
different spectral lines of an ehanent. on which may rest important 
theories of the inner constittttioti of matter, would be vitiated by 
errors of the wave lengths such as have been noted. 

It has been decided by the Union that ti new system of wtive 
lengths is necessary; that it shall be based on the wave length of a 
suitable s])ectrum line, to be lixed i)ermauently. in units diff'ering 
as little as possilffe from millimeter, and to be called Aiig- 

strilm units: that secondary standards shall be determined by an 
interferometer method at distances not greater than ■">() .Vngstriim 
units apart, and the source of light for the determination shall b(> 
produced in the electric arc of d to 10 amijeres; that tertiary stand- 
ards shall be selected at distances of .5 to 10 Ang^tibm imits whose 
wave lengths shall be detei'mined from the secondaiy standards by 
the aid of gratings. This work was ])Iac(‘d in charge of a committee 
of expert spectroscopists. and progress is reported from .several 
laboratories in making the measurements laapdred. 

SfiJiii’ — The amount of solar I'adiatiou mav b(> ex- 

pressed in terms of the rise of temperature in degrees c('Utigrade 
which a solar beam of a square centimeter cross section, shining for 
a second of time, will ]n'oduce if entindy absorbed and transformed 
into heat within a mass of one gram of watei- at maximum density. 
Such units of measurement are called calories (or therms) jier sec- 
ond. Inasmuch as the amounts usually measured of solar radiation 
are small, it is customary for the sake of coin enience to use as a unit 
of solar radiation a calory per mintite. for the quantity usually ob- 
served is between 1 and 2 calories per minute. 
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Measnrements of solar railiation have been made by J. Herschel, 
Ponillet, Forbes. Violle. Langley, Crova, K. Angstrom, and others, 
in various hitnations as regards altitude and sky conditions, and these 
investigators and others have devised and used many kinds of appa- 
ratus for the pnrpose. .'such instruments are known as pyrhelio- 
meters or actinoineters. and the best known of them are Ponillet 's 
water jnrheliometer. Yiolle’s actinometer, Crova's alcohol acti- 
noineter. and Angstrom's compensation iiyrheliometer. Of these 
four instruments, all excepting Crova’s purports to be capable of 
giving absolntf' measurements wlnm the constants depending on form 
and dimensions of the particular instrument are determined. As 
a matter of fact, however, differences and theoretical objections are 
still found, so that tlu' absolute amount of solar I'adiation, as deter- 
mined and published liy flillerent oliservers, is donbtfid to the extent 
of 10 ])('!■ cent, at least. Fiilhermoiv. there is no common ground 
of compai'ison. so that the amount of radiation found by one observer 
at otic locality can not be compared ivith that found by another 
obs('r\'('r in (|uite another jiart of the world. 

The Union ventttred to attempt to alter this state of affairs by 
resolving to adopt the readings of the Angstrbni compensation 
pyrlndiometer as standard, notwithstanding that it is known that 
this insti'unient luaa'ssarily reads too low and possibly liy amounts 
varying n ith the locality. Still, as this type of instrument is some- 
what geiK'rally distributed in the ivorld. it seems possible that some 
abatement of tin* confusion of radiation measurements may be 
brought about liy this action of tln^ Union, llecognizing the need 
of a more certain standard, a committee was appointed to investigate 
this subject. 

^leasiirements of solar radiation at the earth's surface do not 
suflice to indicate the amount of radiation available to the earth, or 
whether this amount laries sufficiently to affect climates. For the 
atmosplu're of the earth scatters, reflects, and absorbs the sun's ravs. 
in ways which are inti'icate and difficult to determine, and the amount 
of hindrance to radiation which the atmosphere offers varies so 
raj)idly and differs so widely from place to jfface and from day to 
day that nothing can be concluded as to the possible variability of 
the sun from simple measurements of solar radiation at the earth's 
surfac(‘. 

As stated in former Smithsonian reports, the Astrophysical Observ- 
atory of the Sniiihsouian Institution has been investigating the 
amount of solar radiation at the earth's surface and the amount 
absorbed in the atmosphere, for sevei-al years, by methods involving 
not only iiuaisurenKaits of the total railiation. but also nieasiu’ements 
of th(' intensity of each ray of the spectrum by itself. The proba- 
lulity that the solar radiation outside the earth's atiuos 2 ffiere actnallv 
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varies often bv ainonnts of b or 10 per rent, and that these variations 
atfect tenijieratnre all over the earth, seems to be confirmed by these 
measurements. 

Eesohitions were adopted by the Union advising the trial of several 
kinds of investigation temding to confirm or disprove the supposed 
variability of the snn, and a committee was charged with reporting 
the best methods of procedure in observation and reduction of 
measurements. 

Partly in iH'sponse to the recommendations of the Union, and partly 
owing to the interest displayed in tbe subject by some of the fore- 
most asti'onomers and physicis|^- of the time, new observatories have 
recently Ijeeii organized, chiefly for solar work, and older observa- 
tories are beginning new sei ies of observations in this field. Most 
notable, of couise. is tbe Criniegie Solar Observatory on iMount 
IVilson, in California, wheie daily pbolograjdis, both direct and with 
the spectroheliograph, are being made, ami where the determina- 
tion of the time of rotation of the sun, the spectrum of sun spots 
and its relations to tin* spectra of stars and terrestrial sources, besides 
other interesting studies, are already being actiwly j)ushed. Solar 
work of seviu'al iiuixutant kinds has reiamtly been bigiin. or is 
about to be taken uj), at a immlKU' of obsei'valories in India and 
Australia, some of which are supjxufed by go\('rnment. Our own 
Government has for about lifteeii ta-ars supported the Astrophysical 
Observatory of the Smithsonian Institution, which has alwat's been 
a solar observatory, and now solar ]ihotographs are made regularlv 
at the l.hiited JStates Xaval Obsciwatory. It is also definitely 
intended to undertake solar (d)-ervations at the new Mount MAather 
station of the Cnited States Weather Ihireau. 

In Pngland and in Italy long series of records of solar phenomena 
have been made by Go\ernmeut and other ob^erwrs: and the counts 
and drawings of sun ■-pots have rewarded by substantial results the 
patient i^erscA’cring study, tbrough years and ilecades, of many 
noted European obmiwei’s. both amateur and prof(>ssional, including 
Schwabe. Carrington. lYolf. AVolfer, Ilowlett. Sidgreaves. and others. 

I\'hen so much of interest I'cmains clearly waiting to be discovered, 
and so many observers furnished with the powerful appliances of 
moilern astronomy and physics ai'e enthusiastically entering the field, 
it can not be doulited that the next few years will mark an epoch in 
solar research. 

II. VARTATIOX OP I.ATITrDF. AXI) THE WAXDERTNO OF THE POEE. 

In the Smithsonian ivjiorts for ishd and lS9f ajipeared two arti- 
cles by Sir Polxut Pall and Prof. J. K. Pees, respectively, in evhich 
the then new ly jiroved variation of latitude is describe<l. IVhile in 
actual magnitude small, this wandering of the })ole of the earth is so 
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far from being in>igni6cant that a number of observatories have 
been founded by international cooperation whose principal function 
is the accurate study of this pheiioinenoii. These international lati- 
tude observatories have been in full operation for six years, and 
interesting results of their woi'k are now published. 

While the possibility of latitude variation was i-ecognized from the 
careful work of European observers as early as ISS,"). the actual dis- 
covery of the variation and of the laws which govern it are the work 
of an American astronomer, ^Ir. S. E. Chandler, carried through in 
the face of the opjjosition of long-accepted theory and of the opin- 
ions of astronomers in general. It will be interesting to recall 
briefly some of the steps and conclusions involved in this remarkable 
discovery. 

The plumomenon in question has, of course, no connection with ])re- 
eession or nutation, but is concerned only with a variation of the posi- 
tion of the axis of rotation of the earth within the earth itself. Its 
effect is to periodically increase the latitude of ])laces on one siile of 
the earth iuul siuiultaneously diminish that of those on the opposite 
side of the earth by amounts of the order of .'U) or 40 feet. In other 
words, the pole is or 40 fei't nearer IVashingtou. and the same 
furtlu'r from Pt'king at <>iu‘ time than anotlier. 

Mr. Chandler's lirst announcement of his discovery in ISOl began 
as fiillows : 

111 the (leteviiiiiuuien ef the hititiiile of Caiiihridire (Mass. t with tlio Almn- 
faiilar alimit si.\ years and a hall' av". it was shown tliar thi* observed values, 
arranged areordiin; to iiielUs of observation, e.vhibiled a decided ami curious 
liroyrressiou throuithout the series, the earlier valties beiin; snmll. the later ones 
lartte. and the ranee from Xoveinlxn', bs.s4. to .Vuril. IS.S.V. being about fotir- 
teuths of a second. There is no knoun or imaginable instrumental or i>ersonal 
i-atise for this iihenoinenon. yet tlie onl.v alternative seemed to be an Inference 
that the latitude had actually ehan.ired. Tins seemed at the time too bold an 
inferenet' to iilaee ujion rei-ord. amt I therefore left the results to sjieak for 
themselves. * '• 

lie gives further datit of his own on tin' subject tending to support 
the hyiiothesis of a change of latitiule. and then refers to Etiropean 
observations contentporaiieous with his own as follows: 

Curiously eiiou.gh Doctor Kiistner. in his detenuination of the latitude from 
a series of observations coini ident in time with those of the Ahnucantar. came 
uiion similar anomalies, and his results, jnibli.shed in l.SS.S. furnish a cotinter- 
liart to those I had pointed out in bS.s.V. ’rbe verilication afforded b.v the 
recent parallel determinations at Heflin. I’rairue. Potsdam, and Pulkowa, which 
show a most snrprisiii.g and satisfactorv accordance as to tlie cliaracter of the 
ehan.ge in range anil periodb-ily with the Aliuueantar results, has led me to 
make further investigations on the snhject. -s * - 

Mr. Cluiiidler then [irocecded to give detailed resttlts of the inves- 
tigations. whieh he summed up as follows: 

The general result ef a preliniiiiary diseussiou is to show a revolution of the 
earth's pole in a period of dll" days, from west to east, with a radius of dO 
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fert. laeasuml at tlio oartli's siirfaco. Assmiiiii!; iirt>visioually. for the purpose 
of statement, that this is a motion of the north jiole of the princijial axis of 
inertia about that (}f the a.xis of rotation, the ilirei-tioii of the former from the 
latter lay toward the (Ireenwieh meridian about the beirinniiiiC of the year 
IS'.Mi. This, with the jiei’iod of 427 days, will .serve to tlx approximately the 
lel.'itive lujsitions of these axes at any other time for any siveu meridian. It is 
not possible at this st;i"e of the invesfiiratioii to be inoi’e precise, as there ari‘ 
facts which ajipcar to show th.it the rotation is not a perfectly uniform one. 
but is subject to secular chaiu'e. and perhaiis irre.itularities. within brief spaces 
of time. 

These resiilts of observation fell squarely across the lon^-accepted 
theory of Euler, according: to ivliieh tlie variation of latitude, if any, 
nnist he a uniform one of ttai months, and also contradicted the 
result of careful reduction of excellent observations from ■which it 
had lieen coiichided that no sensible ■wandering of the })ole did in 
fact take place. The theoretical dilliculty ttas. indeed, soon partly 
removed by Professor Xewcmnh. tvlio pointed out that the fluidity 
of the ocean and the elasticity of the earth lead been neglected in 
deriving ten months as th(“ theoretical period of a possibh- rotation 
of the earth's pole, luit at the saiiu' time he protVs-i'd himself unable 
to account oti the principles of dynamics for a variation of the jteriod 
of the inequality, titiattended liy an alteration of its innplitnde dur- 
ing the preceding half century, conclusions which had come from 
recomptitations which ilr. Chandler had in the meantime inadi' of 
the cdassic obserx-atiiuis of Bradley in 172.^ and othei's of dittei'ent 
jieriods of tlu' inneteenth centtiry 

Tender the sjuir of tin* theoretical diflicnlties stated by Professor 
Xewcomb, i\Ir. Chandler collected an immeii~e mass of ('vidence on 
the sttbjcct. involving the reihiction of more than thirty-three thou- 
sand oh.si'rvatioiis madi' by nine ditfereiit methods, comjtrising the 
work of seventeen observatories, distributed over both the northern 
ami southern hemisjiheres. and covering the interval of time from 
172S to IMX). From this gi-eat array of ei'ideuce the fact of the 
wandering of the jmle was not only clearly contirmeil. bttt also the 
variation of its jxu’iod and amplitude came out without question, 
and an insight was gained as to the catises of this ballliiig phenomenon 
as follows; 

Tile observeil variation of the latitude is tlie resultant i urve arising from two 
periodic liuctuatious super])osed iijMiii eacli otlier. 'I’he first of tliese. and in 
ftem'ral tlie more nmsideralile. lias a period of aliout 427 days, and a semi.impli- 
tude of aliout 0.12 second. Tlie second has an annual period with a ranae 
variable between u 04 ainl o.2u seconds during the last half century. Dnrina the 
middle iiortioii of this interval, ronahly charaelcrized as hetw eenbsuo and l.sso. 
the value reiiresented by tlie lower limit lias jirei’ailed, but before and nfti'r 
tbi'se dates, tlie liiaber one. * -s f 

As the resultant of tliese two iiiorion.s. the etfeetive variation of latitude is 
subject to a systematic alternation in a eyele of seven years' duration, resnltiier 
troll! the conmieiisurahiliT.v of the two terms. Aecordiiiv as they conspire or 
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intorforo. tlio varit's betwetai of a second, as a inaxiuiuin. 

to but a few liimdredtlis of a second. Generally S|ieaKinc. as a miniiiuiin. 

Ill conseijiieiice of the variability of the coefficieiit of the aimiial term above 
iiieiitioiied. the apiiareiit avernire jieriod liet\\eeii IS-ll) and aiiiiroxiniated 

to ."i.sd or .1!i0 days: widel.v flnctnated from l.s.Vi to isn.'); from isn.j to l.ss.'i 
was very nearly 4-!7 days with minor tiuctnations : afterwards increast'd to m-ar 
440 days. * •' 

^Ir. Cliandler expressed these re.siilts uiatheiimtieally by an eiiuation 
in wliieli the variation of latitude i.s o-iven as the sinn of two periodie 
terms, and he found that this ex]tressiou veiy elosely represented all 
the oh.servations he had so laboriously eolleeted. 

Th(‘ Viduable eonsi>quences of this discovery of iMr. Chandler's ar(> 
numerous. Fii-st of all. they .showed why certain series of observa- 
tions made with the most jiain.stakino" care at the national observa- 
tories of the Ihiiti'il States. Gi'eat Britain, and Bussia had exhibiteil 
discordancies which had led to distrust of the very best jtieces of 
apparatus, and had immlved laborious, costly, and fruitless etlorC 
to remove wluit now were foiiml to Ih‘ nonexistinw deivets. In some 
instances even the rc[)utation for accuracy of able astrononu'rs had 
been clouded by such inexplicable discordancies in their work, which, 
in the light of the new di.si'oviu'y. now prote only th(‘ evidences tif the 
faithfulness and accuracy of these observers. Again, as to the con- 
stant of alierratioii. on which de])ends one important method of 
determining the distance of the sun (that great astronomical ([uantity 
on which all the conclusions as to the distancf’s. masses, and other 
elements of the solar system hang, together with iill the exact jtredic- 
tions depending on solar theory), it ju-oves that the determinations 
of this inqmrtant constant are sensil)ly all'ccted by the variations of 
latitude. 

Professor Turner, in his .Vstronondcal Discovery, has the following 
passage indicating still another possible eil’ect of the wandering of 
the j)ole : 

If tile axis of tlie enrtli is executin,::: small esi-illatimis uf tliis kind, there 
siionid lie an el'l'ect uiinn tlie tides: tin- Inudd ncean slmnld feel The wnbble of tlie 
eartli's axi.s in some way: .and an examinatidn of the tidal registers showeil 
tliat tliere was. in fact, a distiiua elfeet. It nia.v cause some amusement when 
I sa.v that the rise ami f.ail are only a few inches in any ease, but they are 
nnmist.ak.able t'videiiees that the e.irth is not s[iiuniua smoothl.v. but lias this 
kind of nnlialaneed viliration. whii-h I have eonui.ired to tile vilirations felt by 
jiassenaers on an iniiierfectl.v emtineered twin-screw steamer. A more sensa- 
tional effect is tliat aniiarenlly eartliijnakes are more nninerous at the time when 
the viliration is itreatest. We rimiarked that tlu* vibration waxes and wanes, 
nuicli as that of the steamer waxes .-iml wanes if the twin screws an- not run- 
ninif unite toc'ether. .Vow. the iiassen.ifer on the steamer would be iirepared to 
find tliat breaka.yes would be more niimerons during the Times of vi,i:oroiis 
oscillation, and it seems iiroliable tliat in a similar way the little cracks of the 
earth's skin, wliicli we call irreat earthuuakes. are more uuineroiis when tliese 
unbalanced vibrations are at their maximnm: that is to say. about once every 
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seven years. 'I'liis result is seareely yet worthy onr eoiniilete eontiitence, for our 
observations of earth(iuaki'S have only vi-ry reeeiitly been retlueed t<i proper 
order: but if it should turn out to he true, it is s( arcel.v necessarv to add any 
words (if mine to demonstrate the imiiortam.-e of this rather uiiexiiected result of 
latitude variation. 

By tlie beoiiiiiiiio- of tlie year 18iio the fact of a variation of latitude 
was geiierally adinittt'd. and it was lield to he of such importance for 
the accurate work of oeode>v that a lono- ..erics of exact determina- 
tions of the variation seemed to he highly desirahle. Accordingly, 
at the meeting of the Int(‘rnational fieodetic Association in ISO.'), it 
was proposetl hy Doctor Fo(“r.(ter. of Berlin, that the work should he 
contimted under the au^pice^ of the association. .V special fund was 
raised to defray the ex[)enM‘ of the umlertaking, and four stations, 
all within Id seconds of the same latitude (:ihout ds- S' X.) were 
cho.sen. namely. Carloforte. in the i'laud on San Piettft: Miztisawa, 
in Japan: T’kiali. in California, and ( hiitliersluirg. in iMaryland. To 
these were soon addecl 'I'scliardjui. m Silau’ia. a station supported Ity 
the Iviissian (foxernmenl. and tlu^ oliservatory at Cincinnati, which 
oti'ered to join in the work. I’he lirst four 'talions are wholly sup- 
Itorted hy tlie Iiiteriiational (Jeodeiic Association, exi.’epting that the 
observtu' at (iaitherslairg is an ollicer of the 1'. S. Coast Sur\ev. 
IVry lately the International (ieodiuic .Vssociation has added two 
stations in the soutluu-u hemisphere (at latitudi' hi hh' S.), namely, 
Bayswater. in AVesterii .Vusiralia. and d'Oucatwo. in the Argentine 
Ki'piihlic. The expense of maintaining ihe four Jii'st mentioned sta- 
tions and of reducing and [uililisliing tlu' results of ohservatioti has 
been about 814.000 yearly. 

Ihe results obtained aiv of a vmv high degree of accuracv. so 
acctirate indeed that a new l\pe of anmuil variation, having only 
0.04" amjtlitude. has been discownvd l)\' the Jiipanese. ilr. Kimiira, 
in charge of the work at Miziisawa. This interi‘sting new \’ariation 
is ind(‘])endent of the longitude of the observing station and jtro- 
duces the same (dfect as would a movenumt of the center of gravitv of 
the earth to and fro along its uxis l)y up ainoimt of about 0 feet 
per year. 

The existence of the two jtrincijial factors in the variation of lati- 
ttide. substantially as discovered by .Mr. Chandler, art' fully con- 
firmed by the observations of the international latitude stations which 
have now been continued for six years. I’he period of the priticipial 
one is at present thought to be lob days. howe\er. The acconijtany- 
ing figtire shows in a graphical form exactly how the earth's axis 
has been wolibling within th<' earth in these last six years. It is 
taken from a recent paptw on the subji-ct by Prof. Th. Albrecht, who. 
with Dr. B. AA anach. has reduced and published the inltumational 
observations. In the figure the scale of motion is indicated iti seconds 
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of arc, wliicli can be ti-aii^laled into feet or nieter> l)y reineniltering 
that one >econ(l of arc at tlie pole i.-^ about 100 feet, or 30 meters, so 
tliat the diameter of the larger curves is about 10 fert. or 111 meters, 
'llie time is indicated in years and tenths of a year l)y the figures 
adjoining the curves themselves, 'riiiis. beginning witlt the 

curve jtasses over the years IhOO, 1!)01. etc., and ends at 1000.0. It 
is plainly shown by this irregular curve what an aitparently lawless 


♦ 0.'’20 + 0 ." l 0 0.*‘00 - 0 ." l 0 - 0."20 



wolible of tlie earth's axis i., produced by the joint action of two 
jterioilic factors, one of about l.'ll days and oiu' annual, the iiist of 
constant and the second of variable ani[)litude. Since bsDO it has 
bwn found that li\e of the long p(>riods are almost (exactly e([ual to 
six of tilt' slidrier. s,) (Imt the whole movement nearly repeats itself 
every six years. It is interesting, though not conclusive, to note that 
the set'i're (‘arth((Uak('s of IDOti occurred soon after the time of maxi- 
mum activity of the ])ole. which accords with the hypothesis touched 
upon by Professor Turner, as already cited. 
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By II. Bakal'. 


Quo non af^condam ' This is the iiiti'cpid device which the dean of 
Frencli a.^tronoiners appears to have adopted, when, undeterred liy 
danij:ers and fatigue, lie per.severed in founding an oh■^ervatorv. in the 
midst of the eternal snow, upon the hi'rhe.-'t summit of the European 
continent. Professor dansseii was well fitted for this enterprise hy 
his 2 trevious mountaiii experiences — in the studies which he made in 
I'sCid at the summit of the Faidhorn to determine the terrestrial 
ahsoiption lines in the solar .spectrum: in the researches carried out 
on Mount Etna in isCu to test for the existence of wati'r vapor in the 
atmosphere of Mars: in the exjiedition of isus. wlien he jnissed a 
winter in the Himalayas, occuiiied with the sjiectroscoiiii' study of 
the sun and stars, and in that of l.sTl to the Xilgherries. when he con- 
tinced himself of the existence of the coronal atmosijhere of the sun. 
Besides tlie.se ex[)editions. there was his visit in IMm to the oh'erva- 
tory at the Ihc du iMidi and. linally. his successive ascensions of 
Mont Blanc to resolve the ipiestion of the jiresence of oxygen in the 
sun. It was indeetl these latter a.scensions which led to the establish- 
ment of the astronomical observatory on the summit of Mont Blanc. 

I. 

It is worth while to state briidly why the astronomers of our day 
have chosen to establish their instruments at high altitudes. IVheii 
one has passed some time under an overcast sky. which obsrures the 
light and renders all observations impo.s.-ible. he n'cognizes the 
advantage of a station aliove the clouds. But even when th? sky is 
perfectly cloudless the atmosphei’e is still a serious obstacle, for it is 
in fact a translucent and changeable ved between the observer and 
the heavens. This veil is very thick at sea level, and both distorts 
and changes the nature of the images of celestial objects. Fir.st of 
all. by its refraction it falsifies the [tositiou of the stars more and 
more as they aj)j)roach the horizon, because the denser lavei’s of the 

s Tninsl.iteU, Uy iieriuissioii, from Itevue des Ueu.x .Moudes. I’aris. Felini.iry t.'>, 
1007, pp. ST0-S02. 
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air form there a largei proportion of the path of the beam of licht. 
Another inconvenience, more i^erions from the point of view of phys- 
ical astronomy, is the ditfiise reflection of the atmosphere. Avhich 
causes a beam of light to illuminate in all directions the air it 
traverses. The light of the sky is a great ob^-tacle to investigations 
of objects near the sun, and for a long time it prevented the observa- 
tion of the solar pi'ominences excepting at the rare occa--ions of total 
solar eclii>ses. It is now possible to view them in full daylight, 
thanks to Janssen's discovery of a method of enfeebling the ditfuse 
sky light by the aid of tlie spe<-trosco]x>. while leaving nearly 
unchanged the monochromatic light of the prominences. 

.Vmong the effects due to the presence of the atinosjihere should be 
mentioned the absor2)tion which it exercises ipjon the radiations of 
the sun and stars, for by retaining a j)ortion (jf such radiation it 
j^rofoundly alters the quality of the rays which reach the earth's 
surface. Aot only is tlu‘ intensity of the rays reduced by the passage 
through the atmosphere, but their composition is essentially changed. 
This is the reason why the sun ajtpears i-ed near the horizon, and it is 
also the cause of some of the dark lines in the solar spectrum, lines 
whose terrestrial origin is attested by their variation at high and low 
sun. The effects we have been considering are much diminished 
when the observer stations himself at an altitude of several thou- 
sand meters. 

At the sumiiiit of iMont Blanc (ai)out meters above the level 

of the sea) the baronaker stands at millimeters, from which it 
follows that the weight of the atmosphere abo\e is still a little more' 
than half that of the etitire atmosphere. T'pon tin* highest j)eaks 
of the Himalayas ( .s.sOO nakers) the baronakric ])ressure is onlv 
about a thiial of its \-alue at sea level, where each s(|iiare naker of the 
earth's surface su2)ports a weight of lU.UOO kilograms of air. By 
choosing a station at a great elevation the difficulties which embarrass 
the obsei’vatioiis of [physicists and astronomers due to the [UH'sence 
of the atmosiihere may be partly overccane. d'he naaisui'e of success 
which has already crowned tentative efforts in this direction has 
encouragt'd many who were hesitating to mak(‘ the sacrifices acconi- 
[panying [perilous and costly ascimts. and now we see mountain obser- 
vatories 7 ’udti[)lying and ef|ui[)[ped with the most [jowerfitl instru- 
ments. 

The nupst celebrated of these establishments is the magnificeiit Lick 
Observatory, on the summit of iMoitnt Hamilton in California, in an 
admirable site at l.JOO meters above sea level. At-cording to the 
rejport of its first ilirector. E. .S. Holden, the nights are continually 
fine during six or seven months of the year, and about half the time 
remaining may be em[jloye<l for ob.serving. Thi.s observatory was 
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constnicterl by aid of a legacy of STOO.OOO, oft'ered in 1874 by a rich 
merchant of San Francisco, dames Lick, who made this gift to 
astronoinr' after being disMiaded from constructing a pyramid to 
serve for his tomb. Thongh the sum rvas so large, yet it would not 
have sufficed if the local anthorities had not aided the project. A 
piece of gronnd more than 1..700 acres in extent was put at the dis- 
jiosal of the oljservatorv : the county of Santa Clara appropriated 
ifSO.OOO for the construction of a road .lO kilometers long from San 
Jo.sc to the summit of the mountain, and finally the 1 niversity of 
C'alifornia ])i'oniised an annual grant of S4().(t00. Thanks to these 
liberalities, the Lick Olmnn atoiy wa-- lini.died in ISSS and provided 
with good iustrniiK'nt''. among them the great telesco[)e of 3() inches 
diameter, and has e\er since carried on such observations as have 
given it a very high re|)Utation among astronomers. 

The advantage <d' a high station had long been recognized when, 
in 1!)04. (feorge F. Hale, formerly director <d’ tlu' Yerkes ( iliservatory. 
founded a solar oli^ervatory on .Mount M’ilson. at an altitude of l.SOU 
meters. Preliminary experiments had demonstrated that the purity 
of the sky in this part of California left nothing to l.)e desired, and 
the CariH'gie Institution of W'asliington immediately came to the 
financial sup[)ort <d' the new obsm’vatory, and has already appro- 
])riated for it the sum of more than S.')0(),U00. This is now the best 
eipiii'jped of all the sohir obst-rvatories. 

'I'lu' station at Aroquipa. Peru, a l)ranch of the celebrated Harvard 
CVillegi' observatory, was established in isUO and is about ',] kilo- 
meters frcjin the city, at an altitude of li.f.'iT meters. Xot far distant 
is the high mountain. El Misti, on which a station for meteorological 
and other puiqjoses was niaiiilained for ~ome time in connection with 
the Areejuipa observatory. .Vt FlagstalT. .Vriz.. at an altitude of 
meters, is located the pri\ate observatory of Perci\al Lowell. 
The purity. dryiiC'S. and calm of tin' air there i)rom(Ue the brilliancy 
and steadiness (d' the telesc()pe images. Pesides these, there are in 
America many other high stations favorable to astronomical obser- 
vations. but tlicst' ai'c principally employed as meteorological stations 
iuid only occasionally for temporary astronomical expeditions, 
notably during eclipses. Of these may be mentioned Ihkc's Peak. 
Colo., having an altitude of f.t’.OO meters when' Langley observeil the 
eclipse of isTS; iMount Mhishington (l.!*->8 meters). iMount Mitchell 
(2.040 meters). iMonnt Mdiitney (4.4<'i0 meters), and others. 

It is easy to see that meteorology derivt's great advantage from the 
occupancy of high observing stations. There are to-day many of 
these in the Al])s. the Caucasus, and the TTimalayas. with altitudes of 
from 2.000 to 2.-")00 meters. In France the “ Pnreau Central iMeteor- 
ologique '■ directs the following high stations: Servance (1,210 
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meters). Briancoii (I.!?!)!-; meters). Piiy do Dome ( 1.4(u meter-^). Mont 
Aigoual (l.e.')4 meters). )Mont Yentoux ( l.OOO meters), ilont 
Moimier (--'.TIO meters). Pie dii Midi (-J.?;.')!) meters). The station 
on Mont Moiinier is also utilized for astronomical purposes. Tt is 
helieved hr Messrs. Bailland and H. Boiirget that the Pic du Midi. 
A'liere indeed there are some instruments, may become an excellent 
station for the astronomers. There should be added to this list the 
observatory which J. Vallot has constructed on Mont Blanc, upon 
the Bosses du Dromadaire. at an altitude of l.-'DO meters. Estait- 
lislied in ISOO, moved and enlarited in l!s0.s. it has rendered valuable 
service, which the Academic des Sciences in lSi)7 recognized by the 
award of the grand jirize in physical science. The results of the 
Avork of A'allot and hi'- a^si-tants have been pnl)lished liy him in the 
Annales de !'( Ibservatoin' meteorologicjue. ]ihysi([ue ('t glaciaire du 
iMont Blanc, tvliich foiau six (jiiarto volume'. But the presimt pajier 
is devoted to the subject of astronomy and it is time to return to M. 
Janssen. 

In his first ascent of iMont Blanc, in October, bsss. he did not pro- 
ceed beyond the inn at Orand' iMuh't'. at the altitude of ;5.000 meters, 
situated on the rocks at the junction of tin* Bo'sons and Tacconaz 
glaciers. At this time of the year the inn was already abandoned, 
and there had recently l)een a h<‘a\y fall of 'iiow which had etfaceil 
the trail, hiddiut the creva'ses. and rendered the ascent very difficult. 
Otving to these obstacles thirteen hours were consumed in reaching 
the chalet of (irands Mulcts by a route which in tht' favorable sea- 
son is traver'cd in four houi's. and the ti'avders arrived greatly 
exhausted. Accordingly, when two years later Jau'sen determined to 
trv to reat'h the summit he discanhal all rhoueht of a'cending on 
foot and de\'ised a sledge somewhat similar to those of T.apland. The 
guides w'ere ill plea'cd with this innovation: but at length, on August 
17. IShO. at 7 o'clock in the morning. Janssen left Chamonix in 
company tvith Durier and J'2 guides and jairtei's. reaching the 
chalet of I’ierre Pointue about 10 o'clock and the inn at Grands 
Mulcts at half past ~i. On the next morning at o o'clock thev left 
Grands Mulcts. 12 guides dragging the sledge* and carefully safe- 
guanling agaiii't accidents, they reached about an liour after noon the 
station at dc' Bosses which Vallot had con'tructe'd. Here it tvas 
propo'cd to jai'S the night ami resume the ascent the next morning. 
l)Ut in the night the Aveaithei’ changed suddenly, and a terrible storm 
burst ujton them. Tt was tin* foreruniu'r of the cvelone of August 
10. They were obliged to wait three days, and rlanssen had oppor- 
tunity to rellect upon the advantage of a meteorologmad observatorv 
well e(|uip[)ed tvith long-runidng 'elf-regi'tering ap|)aratus in this 
high region, tvliere the atmosphere disturbances are found in all their 
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savage violence. Finally, on the i!:'(l. the weather moflerating, Jans- 
sen continued the ascent with the Id men still nunaining under the 
orders of their chief. Frederic Payot, for the others had demanded 
permission to return. Thanks to the indomitable energy of this 
faithful troop, the sledge was finally hatded to the summit, and after 
some hours given to rapid observing in excellent weather conditions 
they resolved to go down. At d o'clock they regained des Bosses, by 
night reached (Irands Mulcts, and on the next day traveled to Cha- 
monix. where thev arrived at 7 o'clock in the evening. 

Professor Janssen has charmingh’ recounted the story of these 
and other ascents made in following years before the academy, and 
in a series of pajters which appeared in the successive volumes of 
I'Annuaire du Bureau des Longitudes, so that it is not needful to 
refer to them here. The.se expeditions were prejtaratorv. as we have 
seen. t(j the establishment of an observatory, and they furnished at 
the same time occasion for numerous valuable observations relating 
princiitally to the solar spectrum and the structure of the sun. One 
of the cjuestions which iutereste<l daus-en wm' that of the existence 
of oxygen in the solar atmosphere, a question whose interest is con- 
nected with the important part jdayed by this clement in geological, 
chemical, and biological phenomena. .Some spectroscoi)ists. too 
prematurely, had maintaiiu'd the existence of o.xygen in the sun. 
but this conclusion was strongly disputed. The e.xperinients of Jans- 
sen and of Egoi'otf had shown that the action of oxygen on light is 
shown by the presence of certain .series of line lines in the spectrum, 
known as A and B. and in addition to these there are faint hands 
which are found Avhen the absorption is very strt)ng. These fainter 
bands disappear from the .solar spectrum when the sun is at all 
high in the heavens, and it is therefore natural to attribute them to 
the action of the earth's atmosphen". The tine oxygen lines, however, 
persist even when the sun is in the zenith, so that their origin is less 
certain. 

One course of experiments would he to produce these lines arti- 
ficially in the sjx'ctrum of th(> electric :irc by interposing in the lieam 
an absorbing layer e([ual to our atmos[)here. and Janssen performed 
such an exjx'riment in bss!) by ol)serving at IMeudon the spectrum of 
the electric light installed at tlu' toj) of the Fitl'el tower. The dis- 
tance is about 1.700 meters and the rays traver'C a la\er of unifoi'iu 
density containing about the same amount of oxygen as the layer of 
variable density traversed by the beam t)f a star in the zenith. Tn 
the spectrum thus obtained the fine lines were found in their normal 
intensity, which is evidence of their terrestrial origin. A gnaiter 
distance would be reqtiired to produce the fainter bands above men- 
tioned. 

SM lonc 1:2 
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Another proof of tlte terrestrial oriiriii of the A and B groups of the 
solar speetruin would he furnished hy their gradual decrease of in- 
tensity during a balloon aseeiisioii. or the ascension of Mont Blanc. 
This was the j^riucipal object of the first exiteditiou of Janssen, and 
he was. ill fact, able to note, with the aid of the spectroscope uhich he 
carried, an unmistakable diniiiiutioii of the intensity of the B group 
owing to the great del ation of the station, but the height of iMont 
Blanc teas insullicient to extinguish all the oxygen lines. M. le 
Comte de la Bauine-Plui inel has coiifirnied this result by jihotograph- 
ing the B group of the solar spectrum at C’hamonix. and on the suuiinit 
of Mont Blanc in Septenilier, isns. l>ut the persistence of the lines 
is readily exjilaineil. for thi> laboratory experiments of Janssen have 
shown that a column of oxygen IJO meters long at atniosplu're pres- 
sure is siitticient to prodma* an al>sorption giving rise to the B lines, 
while the atmosjiheric hiyer above Mont Blanc is ennivalent to such a 
column of oxygen '.K)() meters long, or seven times as long as is re- 
ipiired to produci' tlie liiu's. 

In order to eliminate the B group of lines it would 1 h> necessary to 
ascend to a height of IS or JO kilometers. Balloons provided with 
automatic recording spectrosetipes will perhaps in time solve the 
problem. It should not be forgotten that the study of the o.xygen 
bands is complicated by tin' presence among them of absor]ttiou lines 
of water vaitor. Berhaps. also, the porsistimt visibility of the lines 
is jtartly due to the griaitei' intensity of the light itsedf. owing to the 
decrease of the general ab'Orption of the air at high altitudes. 

Despite the difliculties whii-h remain and which always attach to 
new researches, the concordance of the indications furnished by the 
several kinds of evidence vhich are iivailable ])eruiits us to believe' 
that the oxygen lines found in the solar spee'truiii have their source 
in our own atmosphere and that oxygen does not exi't in the sun. 
This does not jireM'iit us from admitting the possibility that the sun 
contains the matter going to make uj> o.xygen. but perhaps in a state 
of dissociation. 

II. 

For carrving on researchi's of considerable magnittide it is not 
practicable to depend on simple ascents, even frepuently ivpeated ; 
and it is iiidis])ensable to ])ro\ide a ])ernianent observatory e(piipped 
with a number of inslrnments and suitable for a stay of considerable 
length. iM. Janssen re[)res(*nted this need strongly to the Academic 
des Scienct's in his re]n)rt of the exj)edition of 1S!H). and his appeal 
was not lU'glected. il. Bischoll'sheim, whose lamented death occurred 
some months ago. immediately offered l.tO.OOO francs; Prince Boland 
Bonaparte subscribed 100.000 francs; Baron Alithouse de Bothschild, 
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20.000 francs: M. Janssen was put elown for 10.000 francs as pro- 
luotor. Thus from tue first the new observatory could he considered 
as assured. Soon afterwards the promoters of the ent(‘r])rise were 
constitntcfl a society, wldcli compi-i.-ed ^Messrs. Leon Say. honorary 
president: Janssen. pi'C'-^ident : I>iM-hotFsheim. secretary: Ed. Deles- 
sert. treasurin': Prince Polaial Poiiaparte. Baron A. de Rothschild, 
Comte (iretfulhe. members. Leon Say. who interested himself in the 
matter deepL'. made stroii”' etforts to secure an annual subvention 
from the State. 

The pi'eliminary studies ndalive ti) tiie establishment of the observ- 
ator\ were commeiu'ed in Auii'usi. isUl. They consisted first i)f all 
ill the measurement of the tldcknes-^ of th(“ shi'et of ice which covers 
the summit of iMont Blanc. M. Eilfel had promised to have these 
soundinii's made at his own ex[)ense and put them in charo-e of a Swiss 
eno'ineer. iM. Inifehl. 

'riu' summit of Jlont Blanc is fornu'd by a very narrow arete of 
rode, more than 1<)() meters lonif. runnini:' east and west. This arete 
terminates ju'obably in jieaks and has been imliedded in snow -which 
has formed a crii-t thicker on the north side tlian the south, -where 
it is more exj-iosed to meltinm Two horizontal naileries, each 2o 
meti'i's iono-. -ivere constructed about 12 imUers below the crest tvithoiit 
encountering' rock, but only hard snow. It is therefore probable 
that the icy crust which covers .Mont Blanc is more than 12 meters 
thick, and M. .laiissen soon jirojiosed a s,)|ntion of the problem of 
consti'uction in these no\'el I'onditious. which consisted in the laying; 
<d' the foundations ui)on die piu'inanent siiowcap which forms the 
summit. -Vll accounts of ascensions dui'ing' tlu' last century jirove 
that till' a[)pearance id' the smaller rock' near the summit has not 
changed much, and it may be concluded that the conflg'uration of the 
to]) is being- altered \ery sh>wly. if at all. It follows that a rigid, 
construction securely anchored in position would be ])erfectly safe 
and relatively stable: but the i(uestion had to be settled whether the 
snow layer ujxin the summit offered siitiieient resistance to supjiort 
the weight of the structure. .M. Jaiissen thought it necessary to 
make direct experiments to determine tl'ds. 

During- the winter there was erected near the ( ibserv atory of iMeii- 
don a hillock of snow- as high as a single story, d'he snow had been 
rammed down as it was shoveled in. until it had acnuired about the 
density of the 'now in Mont Blanc. r[ion the well-leveled summit 
was placed a [die of tid-kilogram lead weights. AVhen 12 disks, of a 
total weight of Jt'iO kilograms, had been [died ii]) and afterwartls 
removed, it was found that the de[)ression had been only 7 or S milli- 
meters. The result sur[iassed expectation, for the [iressure u[)on the 
snow had exceeded 1.000 kilograms per .square meter. An edifice 
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measuring 10 Oy 5 meters at the hase might tlien weigh gOO.OOO kilo- 
grams without being lilcely to sink in tlie snow more than a few 
eeiitimeters. If built on a rigid sul)base and pi-ovided with jack- 
screws, any strains which might ari^' by settling could be relie\ed, 
and the whole could be le\ele<l as it might reifuire. In order to guard 
against the fury of the storms it seemed desirable to make the 
structure in the shape of a truncated ])yramid and to bury the lower 
Itart in the suoav. so as to have a large and sti'ong foundation. 

The object being aiiproved by M. \'andremer. the eminent archi- 
tect. member of I'Academie des I>eanx-AiTs. the construction Avas 
commenced according to plans pi-epared niider his direction. It com- 
jjfised tAvo stories, with a terrace and balcony. At the base the 
pyramid mettsured 10 l)y tneters. The underground ))arts which 
form the loAA er story are lighted by Avide btit low Aviiidows aboce the 
snow. A sj)iral stairAvay eommntiieates betAAcen the two stories ami 
the terract', sitid extends aimve the latter to su]>port it jAlatform some 
meters altovc', designed for meteorological observatiotis. I loubh' walls 
protect the observers Avithin from the cold, and the underground part 
has a double lloor separating it from the sno\\. 'J'ln. structure, 
entirely of Avood covered by canvas, \va.s set u|» at IMeudoii ttnd then 
taken apart and transporte<l to Chamotti.x. The total weight of the 
materials exceeded 15 ton.s and made 700 or St'tO loads for the })orters. 
As a precatttion the route A\as divided into fotir siMuioiis. with stojt- 
ping places at the (rrands iMulets (tbOttl) meters) and at (iratid 
Eoclier Rouge (4.500 met('rs). '’J’he lirst section. Athicli conptrised 
the route from Chamonix to the foot of the glacier, allowed of ilu' us(‘ 
of the animals. In the second stage, etiding at the public inn on the 
(rrands Mulcts, there is nothing bitt glacier, and the materials coidd 
only be transported on the backs of men. .V shelter a\ as constructed 
at (drands iNIttlets to serve as a depot of supjAlies and refuge for the 
porters. I'he trail from this sttition to the Hocher Rouge. Avhich is 
only about oOO meters IndoAV the sitimnit, formed the third section, 
and there Avas constructed here a htit for tin' carpetiters and others 
engaged on the Avork to pass the nights and lake refugr' iti case of 
bad stonns. 

All the summer of 1S!»:1 Avas etttployed in the constritclion of tin' 
observatory, its retnoval to Chatnonix. and tlu' ])aiTiai coinpletiou of 
the mountain transportation: and iti the year Isd-'! all Avas up. at a 
total cost of 40.000 fraitc's. Ati aecidetit jtist faih'd of ruining tin' 
Avhole vt'tittire. for a depot of material, sitiuiled at Rocher Koug*'. had 
disapjAcared by spring, ami Avas finally fouttd buried beneath S or It 
metc'i's of siioAV. 

For some months the great ghn-ier of Mont Rhine. Avlio-e pi-ofile 
stands like a gigantic staircase, appeared like a Avoodyard Avith its 
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files of porter^, and the "^TOYkers of the windlass, which wore placed 
from point to ]mint to aid in moving the heavier pieces over the 
dangerons declivities. When the material was finally in ])lace the 
car})eiiters from iNfeudon began its erection, and, favored bv a fort- 
night of calm weathei'. they were able to complete their Avork on the 
sth of Se|iteml)(‘r. i\I. Janssen, eager to see the Avork. resolved to 
undertake another a.scension, in Avhich he availed himself of the 
Avindlasses this time to drag his sledge. He reached the tojA on the 
11th. about midday, and I'emained there four days, occupied princi- 
])ally Avith ol)servations of the solar spectrum, formed by a fiite 
llowland grating. 

Janssen undertook another ascent in 189.”). with the principal 
object of mak'ing sure that all the ])arts of the large teleseu|)e of 
J;! centimeters ap('rtiir(' for the o))servatorA\ had come up in good 
condition, and were' in shape to pass th(' Avint('r Avithont injuiy. 
This telescop(‘ is mounted in eonne<’tion with a polar siderostat, so 
that its axis is parallel Avith the axis of the earth and receiA'es the 
light relleeted from the sideiostal mirror. Both the mirror, of GO 
teiitiuu'ti'rs diameter, and the ohjectiA'e Avere j)resented by the Henry 
brothers. All the adjustments are controlled from the observer's 
station. Avho thus ha.s no need to move about, and may remain in 
a closed room lc<'j)t at a comfortabi(‘ temperature. This beautiful 
instrument. aaIio'c mechaideal i)arts Avert' constructed by (xantier, 
Avas jiiouiiti'd not Avithoiit some tlillieulty in IS'.Ht. iM. Janssen idso 
inspected the regislt'ring m(‘teorogr;ij)h. Avhieh had been in-.talled in 
l!s'.>4. l)Ul liatl -lopped. This instrument Avtis constructed by i^[. 
Jules Ivichard. ;ind i- tlriveii by a AAcight of 90 kilograms. AAdiieh 
falls .”) or (■) meter- in eight mouths and kee])s in tnotion a pendulum 
Avliieh regulates the inotioii of tlu' registering mechanism. There is 
eontuuious registration of (lie barometric pivs-ure, temperature, 
humidity, and Aelocity and direction of the Aviiid. It jiroA'ed that 
the apparatus lacked stalulity, and it ran after being giA'en a support 
indepeiiileiit of the llooring. but the in-truinent has never gone 
very I'egnlarly. Another meteorograph, also designed to go eight 
months Avithout reAviialing, has been installed at tlrands IMiilets. 

Till' ])roblem of securing a very long running meteorograiih suit- 
able to lie placed on a higli mountain as a substitute for obserA’ations 
during the bad sea-on is one of great delieai-y. Avhicli reipiires furthi'r 
trials. M. Jan-seu i- much intere-ted in it and has projio-ed a iicAV 
form, in Avhich the rotation and fall of a I'egistering cvlinder is 
brougth about b\- its oavii AVeight. jM. Poncet. ])rofessor of horologv 
at the collt'ge of ( 'hi-es. i- I'ligaged Avith the eou-tnu’tion of a meteoro- 
g!a])h of this kind. 1']) to the pre-ent time no registering meteoro- 
graph has been run more than eight or nine inoiiths. 
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At the time of this hist visit Jiiusseii made measurements to deter- 
mine what, if any. movements of the observatory buildino; had oc- 
curred since its erection. It jiroved that there had been a slight 
movement in the direction of Chamonix, but according to one of the 
builders this movement took place in 189;-) and 1894. and afterwards 
ceased. There appears to have lieen no very appreciable amount of 
.settling, and at all events there are means provided for correcting 
this if it should occur; so that the fears and doiilits expressed by 
Alpinists as to the safety of the obserxatory have jiroi’ed unfounded. 
The architect Baudouin. who visited the ob.servatorv on July 9. 190(i. 
found it buried in snow on the south side, but this had occasioned no 
injury to the construction, so that the floor of the observing room, 
which was dressed otf in 1904. i-. still jicrfectly true. It soem^ there- 
fore that the question of eon^trnctioii on a snow foundation at high 
altitudes is well settled. 

III. 

Since his hist ascent M. Janssen has returned to Chamonix each 
year to direct the work which the younger men have carried on at 
(frands Millets and Mont Blanc. 'I’lie oli-ervatory has lieen made 
sufficiently comfortable to allow of obM-rving visits of (‘veii a fort- 
night duration, dliei’e is no lack of .siilqects for researches, foi' tlu' 
study of the i)lanets I'enus and .Mercury, the solar and stellar sjiectra. 
the chemical and heating eti'ecls of the radiation of cele-tial objects 
engage the attention of astronomer', while meteorology and jilivsi- 
ology otfer problems equally intere-ting for solution at high altitudes. 
M. Janssen has frequently communicated to the .Vcademie ties .Sciences 
.short pajjers summarizing the restdts obtained. 

Be may mention in the first place the lesearchos on the heating 
eflect of solar radiation, which lorms oiie ol the objects of the observa- 
tory of iMont Blanc. .V principal aim ol such researches, nhich are 
performed by aid of iiistiaunents called actinoineters or actinographs, 
is to fi.x the value of tlie “ solar constant. d’his is the number which 
gives in calories per stiuare centimeter per minute the heating jiowers 
of the sun's rays before their entrance into our atmostihere. In th(‘ 
older treaties on physics there is assigned a value less than 2 calories 
(1.7G:i). which comes down from the researches of I'ouillet with his 
pyrheliometer. But the tendency was: later to augment this value. 
M. Violle. having made in August. 1875, an ascent of the Bosson 
glacier and of iNIont Blanc, estimated 2.54 calories. M. Crova, the 
able physicist of iMontpellier, finds 2.8.4 calories from observations 
on Mont Yentoux. In issl. Langley, having observed near the sum- 
mit of iMount 'Whitney, which has an altilude of 4.4(U) meters, inferred 
from his e.xperimeiits a value exceeding calories. .Sav^elietl, at 
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Kiev, found 3 .;j. and Knut Angstrom, who observed on Teneriffe, 
])roposed to adopt 1 calories." 

These discordances result in jjart from a diversity of modes of 
observation, but partly also by the variability of the condition of 
the atmosphere, owing to the presence of water vajior. of dust, and of 
snow, carried by the wind. Such impurities, often invisible, are 
diiehy found in the lower layers of the atmosphere, and as they 
cause a powerfxd alisorjdion, which diminishes the energy of the 
rays, it is sought to avoid them by oliserving at high altitudes and in 
talm, cold weather. 

In 1890 Messrs. Crova and Iloudaille made experiments at 
Chamonix (altitude I.O.IO meters) ami at (irands iNIulets (3.020 
meters). These ob^i'rvations were repeated the following year by 
M. Hansky. a young Kussiau attached to the statf of the oirserva- 
tory at Meudon. He ol)served successively at Ilrevent, (Irand 
ilulets. and the summit of Mont lllanc, em])h)ving the apparatus of 
iM. Crova. and under the latter's advice. The discussion of the 
observations led him to the value of 3.4 calories. lie repeated the 
work ill 1898. 1900. and 1904. and has reached the result 3.3 as the 
iiiost probable value of the solar constant. lie believes that it is 
certainly between 3.0 and Jh.") and in any case above the value 2.5 
calories," which Langley has lately obtained with his bolometer. It 
is clear that the physicists are not in accord as to the true value of 

“ It seems fair to Aiiv'sti'iim anil in l,an,aley to state tlie folluwiui; ailititional 
facts. .liigstrcVim iivuimseil the value -I < alories net as a result nf bis observa- 
tions of l.SO." anil ISDii on Teiieritfe. but as a result of inferences which he inaile 
in 1S90 regariliiifT the influence of the carbonic aciil gas of the atinosphere in 
iliniinishing the sul.-ir railiation. 'I'he [irogress of investigation eonvincerl him 
of the error of these inferemes. anil he inililicly anil iiureserveilly withdrew the 
liroiMised value 4 calories in a footnote to an article iinhlisbcil in 1900 t.Vnnalen 
tier I’htsik, vol. p. TUI. looo). 

Langley's valtie. a calories, deiiends on an inference which lie made in ISSl 
of a failure of P.ongner's formula for aliimiim for atuiospherie aiisoi'iition. even 
wlien applied to homogeneons ra.vs. Xevertheless lie made no correction in liis 
later iia]ier.s for tliis. like tliat li.v whicli, in 1.S.S1, he raJsed liis value of tlie solar 
constant from 2.12 to .'1 calorics, nor is an.v .iustitied. Tlic value of 2 .~) calories is 
taken from an article laililisiied hy him in 19ii;!. and tliis single value was dis- 
tinctly .stated to he only provisional in character. In T.MI4 he puhlished (Astro- 
Iihysica! .Tonrnal. Vol. XIX. ji. ao.-i. 19041 list of twenty-tlve values, all lying 
between 1.9.’! and 2.2S calories, which constitutes his last word on the .subject, 
and this list includes the result wliieli had been st.ited at 2..-| calories, but which 
on a more careful reduction came at 2.2 calories. The sulistantial correctness 
of tliese values is ^■onfirmel^ h.v simultaneous ohservatious in T.io." ami 1900 at 
Washington and IMouiit Wilsim. From the aiiliareiit aecurac.v of tlie work, and 
the comparison with temperatures u])on the earth's surl'ai e he was led to cou- 
siiler that there might have oci-ui'nil a real variation of the sun of nearh' 1.1 
per cent, as indicated by the divergence of the values. — (Tkaxslatok.) 
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t]ie solar constant, if indeed it be constant, for to be sure no one has 
proved that the solar radiation is not variable. It woidd be of inter- 
est also to study in an analogous manner the chemical effectiveness 
of the solar radiation and also of its photometric brightness, all of 
which comprises a great field of observation. 

We ha\e already discussed at some length the observations of 
Janssen relative to the question of the existence of oxygen on the 
sail aiul the confirmation of his results by the experiments of Comte 
dc la Ifaiime-Pluvinel. In IShif new exjieriments on the jihotogra- 
phy of the sjiectrum were undertaken by Tikhoff. an astronomical 
a,"-istaut at Ileudon. and these included observations at Meudon. 
Chanionix. and the summit of iMont Blanc. In 1002 Aubert carried 
on a piece of work in which be employed a sjiectroscope having 
lenses and prisms of (piartz. for the purpose of stuilying the modifi- 
cation of the inti'iisily of the ultra violet part of the siiectriim caused 
by change of altitude, a piece of work which was begun by Cornu. 
Finally, in lOO.l and lOOth il. Stefanik. of the Ihiiversity of Prague, 
made spectral observations in the same comlitioiis. 

Ill ISO.-) and ISOU one of the most experienc'd of the astronomers 
t)f the Paris Observatory. ^I. Bigourdan. attempti'd with the Def- 
forgcs ajqiaratus to measure' the force of gravity at the summit of 
iloiit Blanc and at dilh'i'iuit jioints in the region: liut his exjieri- 
ments W('re hindered by bad weather. They were repeated in ISOS 
by iM. Hansky with tlu' apparatus of .sterneck. which is well adiqited 
for relative ([('terminations. Tlu' mca-uremenls were conducted first 
at Meudoii. then cm tlu' summit of Mont Blanc and at Orands Millets, 
BrO'ent. and Chamonix. 

Tn 1000 iM. Ilan-ky canu' once mori' from Knssia to repeat his actino- 
iiietric ob'crt'atioiis. and be ascended the mountain for that purpo.se 
on July ic! and .September 1. spending si.x days on the summit at 
each visit. On September 4 he had occasion to observe the sun at 
rising, and saw the famous given ray. lie writes: " The atmosphere 
was transparent, and tli<' horizon of an extraordinary clearness, so 
that mountaiim more than 100 kilometers distant could lie seen dis- 
tinctly. At the instant of sun ri-ing [ was struck by an intense pure 
green light, which lasti'd about a half second. The sun appeared 
directly after, brilliant and all yellow without a tinge of red. Ilvgro- 
metric observation- showed a xu'ry low jierccntage of water vapor in 
the atmosphere and there were few solid particli's." It is well known 
that this phenoiiK'iioii. wliich i- sometimes obsi'rvi'd on the open ocean 
in calm clear weather, is explained by the dispersion of the sun rays, 
which graze the horizon under conditions such that the green part of 
the S]i(‘ctrum i- not unduly weakeiu'd by absorption. On the jirevious 
night M. Ilan-ky had oii-i'rved the occultatiuii of .Saturn by the moon. 
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and had noted the absence of any nand or elongation between the 
planet and the lunar disk, which indicates the remarkable ])erfeclion 
of the seeing. In this connection it shonld lie noticed that in 1901 
M. Hansky made an interesting ob-'Crvation of the zodiacal light from 
Mont Blanc, Avheii he perceived details \ery difficnlt to distinguish 
under any ordinary conditions. lie has also attemjited to photcj- 
graph the solar corona, but the residts have not been satisfactory, and 
will be repeated. 

Messrs. Fery and Millochau have undertaken to determine the 
distribution of radiation over the .solar disk, employing Feiy's jiyro- 
metric telescope. This comprises a tube of variable aperture con- 
taining a silvered glass concave mirror: a thei'inoelecti'ic couph' 
in the focus connected with a galvanometer, and a })risni which 
reflects a Ifcam for guiding. Observations were made on iloiit Blanc 
and at ('hainonix and Meudon. 

These examjiles will suffice to show that tlu' oliscrvatory jjcrched 
on the heights of Mont Blanc otters facilities to astronomers for 
the pro.secution of a variety of sjtecial researclu's of great delicacy. 
But the scope of observations has little by little exiattideil. so as to 
comjjrise also meteorology and ])hysiology. I'lie work has usually 
to be carried on in the summer months. howeV(*r. for the winters 
are apt to be too rigorous. In 1001 M. Xordmaim found recorded 
by a Tonnelot minimum thermometer a temjverature of — I.V C. 

Among experiments of other kinds which have been made in the 
past few years ma.v be cited as particidarly important some which 
were carried on in bsiit) and 1!>00, wit It tlu‘ sujvport of the admin- 
•stration of the telegrajjh. to determine the insulating ivroperties of 
ice. Bare wires of galvanized iron were lairl upon the glacier at 
some meters ajtart. The experiments were commenced by Messrs. 
Cauro and Lespieau, and continued by Lesjtieaii atone after the 
fatal accident of Cauro. who met witli a terrilde fall in a trail on 
the mountain of la Cote. The experiments showed that a telegraphic 
line of great length, such as lUO kilometers, for example, mav lie 
established with bare wire upon glaciers, and give good serviee. 
This result is of value for telegraphy on the high moimtaius. 
although there had been before trials of short lines laid on snow. 

M. Maurice de Thierry made in INIII and 1S9!) a series of determi- 
nations of the atmospheric ozone, ammonia, and carbonic-acid gas at 
different altitudes. M. Le Cadet, in 1902, studied the atmospheric 
electricity from the summit of ilont Blanc. iM. Xordmaim aFo triial 
to detect electromagnetic waves emanating from the sun. but with 
negative results. Of another nature are the spectroscopic studies (O' 
the blood commenced by Doctor Ilenocipie in 1902. and continued 
after his death by M. liaoid Bayeiix; the observations of Messrs. 
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Giiillemard and Mooo- on hypcrglobnlation at liioli altitudes, and 
finally, the bacteriologic study of the snow of Mont Blanc began in 
1900 by Doctor Binot. of the Pasteur Institute. Doctor Binot 
found in ditferent parts of the glacier a varied microscopii' tlora 
whose existence had hitherto been ([iiite unsuspected, and promising 
to reward further stiuly with many and curious results. Actino- 
nietric and pliysiological studies (among others, upon res 2 )iration at 
high altitudes) have be(‘n carried on by IM. X'allot and the numei'ous 
scientists, both French and foreign, to whom he has oll'ered the hos- 
jjitality of his observatory des Bosses. iSIes rs. Joseph and Henri 
Vallot are now preparing to publish a map of the region of Mont 
Blanc. 

I have restricted myself to giving, as it were, a l>ird's-eye view of 
the varied studies to which the creation of an obsiwatorv on Mont 
Blanc have given rise. It will surely be most desirable that its devel- 
opment and further enuijnnent shall go on. in ordi'r that it may 
render all the sei'vices which are made possible by its unique situa- 
tion. IMay it not la- madt' more acccssihh*. [)erha[)s. by establishing 
communication by dirigible balloon between ('liamonix ami Mont 
Blanc i 
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"I'lie ni-h i)f tlio li'old to Califuniiii in 1S19 and the quiekly 

fulloAYing' oti(* to An>traija in iSol were notable iniarations in search 
of the ycdloAV metal, but they were not the lir.-t in the history of our 
races There i^. inde(‘d no reason to >np[)o-'e th:tt in the pa-'t, mining 
L•xciienlent^ were limited eviut to the historical jM'riod : on the contrary, 
the legends of the golden tl(>ece aiul of the gohhm ap^tles of the 
Ilesperides pi'obably describe* in poetic garb two of tlie (*arly expedi- 
tions. and long before either we can well imagine primitive man 
hurrying to new digc'ings in order (o enlarge his scanty stock of 
metals. .Vmong the inlliieiices which have led to the exjtloration and 
settlement of lU'w lands the desire to lind anel ac<|uire gold and silver 
has been one of the most imirortaiil. and as a means of introducing 
thousands of vigorous settlers, of their own volition, itito uninhabited 
or uncivilized r(‘gions theri* is lu) agent which couqtares witli it. In 
this connection it may be also remarked that then* is no more inter- 
esting chapter in the history of civilization than that which concerns 
itself with the ttse of the metals and with the develo])ment of methods 
for their ('xtraclion from their ores. Piimitive man was naturally 
limited to those which he fotmd in tin* native state. They are but 
few. viz. gohl in Avide but sparse distiabution iti gravels; co|t])er in 
occasional mass, is along the outcro])s of vc'ius. in AA hich far the greater 
part of the mi*tal is condmu'd Avith oxA’gvn or sulphur: copper, ag'ain, 
in porous rocks, as in the altogether «‘.xce]itiotial case of the Lake 
Sujterior mines: iron in an occasional meteorite, Avhich. if its fall 
had been obs(’rvcd. Avas coiisideia'd to be the imatre of a god descended 
from the skies:'' siL’er in occasional migg(*ts Avith the more ccunmon 
ones of gold: and jtossibly a rare bit of ])latimim. Besides these no 
other nit'tal can have been knoAvn. b(‘cause all the r(‘st and all of 
those meutiotied Avhen locked up in their ores give in the physical 

“ Koiifinted. li.v iicnnission. from EiAuiomii- OcoIoa'.v. Vet. I. Xo. n<*cemboi’- 
.Taiiuar.v. t'.KtU. Erummiic (icoloir.v I’liUlishiiiir <'oni|>;ui.A'. Lancaster. Pa. 

s Pi'esi,l(*nfial aUilrcss to the X(*w York .Vcailciiw of Sciences. r,*a<l at the 
animal ineetins' in New York. T leei'iiiher t.S. p.io.-i 

<'As in the case of Diana of the Eiihesiaiis and the deity of the Cartliastinians. 
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]3i'(ipi‘rties of tli(“ latter but the slightest suggestion of their presence. 
Chance discoveries niu'-t have first revealed the possibilities of jiro- 
ducing iron from its ore — really a very simple process 'when small 
quantities are involved. — of making bronze from the ores of copper 
and tin. of making l)rass with the ores of copjter and zinc, of reduc- 
ing copper and lead from their natural compounds, and of freeing 
silver from its chief associate, lead. All of these ])rocesses were 
extensively ])i‘acticed under the Chinese, Plutmicians, (Ireeks. Komans, 
and other ancient peoples. 

As the need of weapons in war. the advantages of metallic currency, 
and the want of household utensils became felt, and as the minerals 
which yiehl the metals became recognized as such, the art of miidng 
grew to be something more than the digging and washing of gravels, 
and in the long course of time develo])ed into its ])resent stage — as 
one of the most difficult branches of engine<‘ring. Chemistry i-iused 
metallurgical ])rocesses from the art of obtaining some of a metal 
from its ore to the art of obtaining almost all of it and of accounting 
for what escaped. Tt is. in fact, in this scientitie accounting for 
('Verything that modern pi-ocesses chiefly ditl'er from those of the 
ancients. 

Of all th(‘ metals the most important which ministei’ to the needs 
of daily life are th(“ following, ranged as nearly as ])ossible in the 
order of their usefulness; Iron, copper, lead. zinc. sil\(‘r. gold. tin. 
aluminum, nickel. ]ilatlnum. mangam'se. chromium, (luick'ilver. anti- 
mony. arsenic, and cobalt. The others are of very minor importance, 
although often indispensable for certain I’eslricted uses. 

The manner of occurrence of these metals in the earth and their 
amounts in ores which admit of practicabh' working arc fundamental 
facts in all our industrial development, and some accurate knowledge 
of them ought to be a part of the intellectual equipment of i'very well- 
educated man. The matter may well apjieal to Americans, since the 
Ihiited States has developed Avithin a few years into the foremost 
producer of ii'on. copjAcr. lea<l. coal. ami. until recent years, of gold 
and silver; but. Avilh regard to gohl. they Inn'c of late alternateil in 
the leadership Avith the Transvaal amt Australia, and in silver are 
noAv second to IMexico. 

r)espit(' the enormous product of foodstuffs. American mining 
deA-elopments are of the same order of magnitude, and the mineral 
resources of the country liaA’e ])roA'ed to be one of the richest posses- 
sions of its ]ieo])lp, 

ATe maA' Ix'st gain a proper conception of the ])roblem of the nietal- 
lifi'rons A'eins if avo state- at the outset the grO'S composition (jf the 
outer ]Aoi’tion of the gloljo, so far as geologists have- been able to 
express it by gTou])ing analyses of rocks. AA'e may then note among 
the elements mentioned such of the metals as liaA’e just been cited, 
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and niav remark the rarity of tlie others; we may next s('t forth the 
necessary percentapvs of eaeh metal which malce a deposit an ore: 
that is, make it rich enough for profitahh' working. By comparison 
we can grasp in a general way the amount of concentration which 
must h(‘ accomplished In’ the geological agents in order to collect from 
a iiaturallv lean distril)uti()n in rocks enough of a given metal to jiro- 
duce a ^le[)osit of ore. and can then naturally pass to a brief discussion 
and descrij)tion of those agent' and their operations. 

If the general composition of the crust of th(> earth is calculated as 
closelv Us possible on the basis of known < heniical analyses, tin' fol- 
lowing tal)]e results, which has been con]])ih'd by Dr. F. W. C'larke. 


of Al'ashington. chief chemist of the F. S. (leological Suiney:" 

i'cr o*ni i‘<'r cpnt. 

II.WiTf'U - -- To l-’> .Miiiii^aia'sc ___ _ __ _ o, u^ 

Siliccii - l!L sn Sulnliiir _ - -- uu 

.tlniiiiiniin . S. l;‘> I‘.;irhnii .. — - .ul 

Iivni 4. T1 ( 'liroiniiiiii . . . - . . ul 

Calcium . . Xickel — .ul 

Majiiiesnim . - U4 Strontium . . .... .ul 

rol.isshim - -- U.'i Litliiiim -- . -- • ul 

Soiliiim - us ciiloriiie -- - .ul 

Titaniuiu . ll'J Fluorine ul 

Hydrmten _ .. .17 

Carlion __ __ .1;: Tot.il __ lUO.Ou 

I’liospliorns __ . on 

Flemeiits h'ss than (t.dl jicr cent an* not consiih'red ahundant 
enough to affect the total, and eipially exact data regarding them are 
not accessihh'. .Vinong those gjfen only thi' following apjiear which 


are metals of inpiortance as such in ('vervilay life: .Vluminuni S.Hh 
iron 1.71. inano'ane'c' (*.07. chromium 0.(tl. and nicki'l 0.01. 1 hey 

rank, respectively, in the table, third, foiirlh. thirteenth. si.X’teenth. 
and seventeenth. ( )f the tivi*. iron is the onlv one of marked promi- 
nence. Xo one of th(' remaining four is compai'able in usefulness 
with at h'asl five other metals which are not mentioned, viz. copper, 
lead. zinc, silver and gold. 

.Vn emh'avor has been made hv at least oiu' investigator. Pi'of. J. 11. 
L. Migt. of ( hi’istiania. to establish some (piantitative e.\])ression for 
these other metals, llis estimates are as folhiws:'' 

Copper jiercentac’c iievond the fourth or lifth jilace of decimals — 
that is, in tlu' hnndi’ed tliousandths or millionths of a jiei' c('nt. 

Lead and zinc pierc('ntages in the fifth place of decimals, or in the 
hundred thousandths of a ]»er cent. 

Silver jiercentage tivo decimal places beyond copper, or in the 
ti'ii millionths to tlu- hundred millionths f)f a pi'r cent, or the ten 
thousandths to tlii' hundred thousandths (»f an ounce to the ton. 

« Uuilh'tiu 14.S. p. t;;. Zeitsclirift iTir jirak. CcdIcvuc, ISPS, p. 
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(iold jiorcentagv oik* tenth as much as silver. 

Till ]ierceiita<;e iu the fourth or fifth decimal place — that is, in the 
ten thousandths or hundred thousandths of a jier cent. 

These tio-ures. inconceix'ahly small as they are. convey some idea 
of the rarity of these metals as constituents on the average of the 
outer t'l or S miles of the earth's crust. But they are locally more 
abundant in jiarticular masses of eruptive rock,- which are associated 
with ore deposits. 

In the folhuving tabulation 1 have endeavored to bring together a 
numlier of determinations which have Ix-en made in connection with 
investigations of American mining districts. In a general way they 
give a fair idea of the metallic contents of certain eruptivi* rocks from 
which were taken sample^ as little as possible open to the suspicion 
that they had been (uiriched by the same proce'-ses which had pro- 
duced the neighlioring ore liodies. 



Pt'r cent 



Fer«*onl 


Ore. 

ill eru{>- 
tive 

From—- 

Ore. 

iiierup- 
ti\ e 

From— 


rnck<. 



rt K-k--. 


('oppt'r ... 

0. 00',> 


Silver... 

{) oOuOT 

Leailvillf, roln. f 

Lead 

.(tnn 


Po ... 

.UUnlti 

I'birek.i, Xev.e 

Fu.... 

. oos 

Ktirekii. Xev.'* 

Po ... 

! jiiHip; 

Tb'i-itd. C’dln e 

Po.... 

. 0U4 


Gold .... 

j . um.ioii 

Kureka. .\cv.'-* 

Zinv 

. IH.)4^ 

LeculviIIe. rolo.f? 

Po ... 

.1 .(Hidoi 

(fvvbee f’niiTity, Idaho.jy 

Po.... 

. 0()‘j 

MisMiuri 't 





Avorauf' of eriiiitirf''? from anal, by J. ]* Jiuhortstm Ui'poii mi Ia*ad 

and Zim . Mo. Ocol Suiv. [1. 

^A^^?^a^<.* of si\ (lilToicnl lotk-*. riul»iacinu (.Muhroeu <i''>a.\.'' : S 1' Diuiuotis. Monouraj.h 
\II. L'. S, (rt-'ul. Surv . 

'One rot k. a .junitz in*rf»h.\r\. nor tojraln ibo ok k wa-s imi tninlirul .T 1 >. Onms. 
T' S Oen], Surv.. Moibi \' 1 I. i.;b. 

S r Euiiiion-?. W'jJ Ami \ S Oe«.l Sur\ , I’arl fl. p 471 ’rh<* zinc wa5« 

(k'teiinined in bur two '.ainpb'x 

‘ S. F Fmrnon'.. XVII Ann Kf[‘ V. S Siirv . Fart II, p. 471. 

Mtb'm. p .“'.O. 

'•■A. Simiiiidi in 'J'emii XIII, bl 

In order to conu* within the po^^ibli* limit-' of profitable and suc- 
cessful treatment tlic oi’cs of the more important metals should ha\'e 
at least the following jauventagcs. but that we may grasp the rela- 
tions con-ectlv it must be a 2 .ipr<>ciated that local conditions affect the 
limits. Thus in a remote situation and with high charg('s for trans- 
portation an ore may be outside profitable treatuii'iiT. although it 
jiiav contain seteral times the percentage' of tliose more favorablv 
situated. Iron ore' in parlicidar which are distant from centei's of 
po])ulation are vahudess imlc" clu'ap traiisiMUtation on a very largf* 
scale can be developed, while gold in an almost inaccessible region, 
like the Klondike, may yield a ridi reward. lU'cn when in ejuantities 
which, if expressed iu jjerceiituges. are almost inaijpreciable. 
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The iiiitiire of th(' ore i' aKo a factor of prime importance. Some 
compoimds yield the metals readily and cheapl}', while others, which 
in the (-me <d' the })reeioii> metaK are often called base ores. re(piire 
comjdieated and it may he exjjen^ive metal lureical treatment. The 
association of metals is like\vi-e of the hie-he^t importance. Chopper 
or lead, for exaniph', g'reatly facilitates the extraction of gold and 
silrer. whereas zinc in lai’ge (jiiantities is a hindrance. Conditions 
also change. An ore which may have been valueless in early days 
may prove a rich source of ])rolit in lat^■r years and under improved 
conditions. For instanca', from 1S70 for over twenty-lit’e years 
Bingham C’anyon in I'tah yielded lead-silver ores and minor deposits 
of gold. It was known that in some mitu's low-grade and base ores 
of copper and gold existed. Imt the fact was carefully concealed, 
and in at least one iiistanei' the shaft into them was tilled up. lest a 
gemu'al knowledge of the fact shoidd nnfavoral)lY alfect the value 
of the pro])erty. To-day. howewu-, these ores are eagerly sought and 
their extraction and treatment in thousands of tons daily are pat'ing 
good rt“turns on \'erv large capitalization. Another factor is the 
expense of (‘xtraction. If simple and int‘\])ensive methods are pos- 
sible. tlu' area of profitable treatment is gr(‘atly widimed. Thus gold 
may ju'cd little else than a stream of water or even a blast of air, 
whonats iron and co[)per re(iuire huge furnaces and vast supplies of 
coke and Iluxes. 

Iron ores are of little value in any jtart of tlu' world unless they 
contain a minimum of ptu* cent iron when they enter tlie furnace, 
but if they are distributed in amounts of It) to 2() per cent in exten- 
sive masses of loose or easily critshe<l rock in such condition that 
they can be cheaply concentrated up to ridi ]H'rr(mtages. they may 
be profitably treated and a ju'oduct with .lO ]n‘i’ cent iron or higher 
be sent to the furnaces. Nevertheless, speaking for the civilized 
world at large, it holds true that as an iron oi’e enters the furnace it 
can not have less than ;).■) per cent, and in .\merica. with our rich and 
pure deposits on Lake Superior, two-thirds of our supply ranges from 
tiO to Go ])er cent. 

As regards copper, a minimum working percentage amid favorable 
conditions and with enormous (|uantities is usually about d per cent, 
but in the altogether exce|)tional deposits of the native metal in the 
Lake Superior region copper rock as low as three-fourths of 1 per 
cent has been prolitablv treated. This or any similar result could 
only be accomplished with exceptionally efficient management and 
with a copper rock such as is practically known only on Lake 
Su{)erior. AVith the usual type of o7'e. not enriched by gold or silver. 
2 ]ier cent is the extreme, and in remote localities 5 to 10 may some- 
times be too poor. 
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Ill southeast Missouri lead ores are prolitablv mined which have 
.') to 10 ])er cent lead, hut they are concentrated to 65 to 70 per cent 
before goino- to the furnace. 

Zinc ores at the furnace ought not to yield less than 25 to 30 per 
cent, and when concentrated or selected they range tip to 60 per cent. 

The precious metals are tcxpi'essed in troy ounces to the ton avoir- 
dupois. A troy ounce in a ton is one three-hundredth of 1 per cent, 
and tile amount is therefore very small when stated in ])ercentages. 
If it be appreciated that in round numbers silver is now Avorth 50 to 
60 cents an ounce and gold S20. some grasp may be had of values. 
Silver randy occurs by itself. On the contrary, it is obtained in asso- 
ciation Avith leail and copper, and the ores are. as a rule, treated 
])riniari]y for the^e basi* metals and then from the latter the precious 
metals are later separatAal. In the base ores there ought to be enough 
silver to yield a minimum of $5. Air 10 ounces, in the resulting ton of 
co])])er in onha- to atforAl enough to pay for sejiaration. Aoav, in a 
5 per cent ore of copjx'r we Inue a concentration of 20 tons of ore to 
yield 1 ton of jiig. or more correctly stall'd, so as to alloAA' for losses. 
21 tons to 1. IVe niU't therefore IniA'c at h'ast 10 ounces of silver in 
the 21 tons. Avliich implies a minimum of aliout one-half ounce jAer 
ton. SmoltA'i’s Avill only pay a miner for the silver if ho has oA’er 
one-half ounce per ton in a eoppi'r ori'. In a ])ig of lead, usually 
called base bullion, it is necessary for profitable extraction to liaA’e 
15 ounces of silver. For smelting a lead ore Ave must ])ossess at least 
10 pi'i- cent liaid and may haA'c 70. It is therefore obA-ious that from 
2 to 20 ounce-- of silvi'i- mu-t hi' present in the ton of lead ore. The 
common ranges are 10 to 50 ounci's, or one-thirtieth to one-sixth of 
1 pel' cent. 

(iold is so cheaply extracted that it may lie profitably obtained 
under favorable circumstances doAvn to one-tenth of an ounce in the 
ton. but the run of ore- is from one-fourth ounce, or $5, to 1 ounce, 
or is2(). (ire- of course soiuA'times rt'ach a number of ounces. In 
copper or lead ori's cA’cn a tAventieth of an ounce may be an object, 
and in faAorably situated graAcls to Avhich the hydraulic method 
may be applied CA’cn a- little a- 7 to 10 A'eiits in the cubic yarrl may 
be recovered, or some such vahn> as oiu' tAvo-hundredth to one three- 
hundredth of an ounce jier ton. 

Ilie tin ori's a- -melted contain about 70 per cent, but thcA’ are all 
Aoncentrated either by Avasiiiiig gravels in Avhich the percentage is 
OIK' or le-s. or t'l-e by mining, crushing, and dressing ore in which it 
range- Irom l..i to 2> per cent. 'I’he tin-lx'arlng g’raA’els represent a 
concentration from much leaner ilissemination in the parent A’eins 
and granite. Aluminum ores yield as sold about 30 per cent of the 
metal. 'I'his is an enrichment a- coinjiared Avith the rocks, though not 
so striking a one as in the case of other metals. But the great change 
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iiGcessary in aliimimim is in the inetliod of combination. It is so 
tightly locked up in silicates in the rocks as to preclude direct extrac- 
tion by any known method. 

Xickel needs to Ite j^tesent in amounts of several per cent, say 
■2 to 5. and occurs either alone or with copper. Coltalt is always with 
it in small amounts. Platimmi occurs in exceedingly small percent- 
ages. It is almost all obtained from gravels in Russia, and the 
gravels yielded in ISOii. according to C. W. Purington. about 40 cents 
to the yard, platinum being quoted in that year at $1.5 to $18 per 
ounce. There was therefore in the gravels about one-fortieth ounce 
in the yard, or one-sixtieth in a ton or about five and a half hundred 
thousandths of a per cent. Platinum in some rocks has been found 
in amounts of one-twentieth to one-half ounce, or from sixteen hun- 
dred thousandths to sixteen ten thousandths of 1 iter cent, but they are 
rare and peculiar types. 

In order to lie salable manganese ores of themselves mu.st yield 
about 50 per cent, but if iron is also present they may be as low as 
40. Chromium has lait one ore. and it must contiiin about 40 per 
cent. Of antimony, arsenic, and cobalt, it is hardly possible to speak, 
since, except perhaps in tlu' case of the first, they are unimportant 
by-products in the metallurgy of other ori's. 

In summary it may be stated that in the ores the metals must 
be present in the following amounts: 
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ITe now have Ijefore tis -ome fundamental conceptions from which 
as a point of departure we may set out upon the real discussion of 
the subject. lYe understand the gross composition of the outer 
earth ; we have some idea of the (piantitative distribution of the metals 
in the rocks, especially in the richer instances; finally we have seen 
the extent to which they must be concentrated in order that they may 
be objects of mining. The next -tep i- to establish, first, the agent 
or solvent which can efi'ect the collection of the sparsely distributed 
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metals, and second, the places -where the precipitation of them takes 
place. IVe may then inquire more particularly into the source of 
the ap'ent and the methods of its operation. In order to do this in the 
time at command I must remorselessly focus attention on the large 
and essential features, resolutely avoiding every side issue or minor 
point, however inviting. 

The one solvent which is sufficiently abundant is water, and prac- 
tically all observers ar(' agreed that for the vast majority of ore 
dejiosits it has been the vehicle of concentration. Of course it need 
not operate alone. On the contrary, easily dissolved and ever-present 
materials like alkalies may. and undoubtedly do. increase its effi- 
ciency. It does not o])erate neces-arily as cold water. On the con- 
trary. we all know that the earth grows hotter as we go down, so 
that descending waters vould not go far without feeling this in- 
fluence. VolcaiKx's. too. indicate to us that there are localities Avhere 
heat is dei eloped in enormous amounts and not fai- l)elow the surface. 
There is tlnuvfore no lack of heat and we need only lie familiar 
with the western country to know that there is no lack of hot springs 
when we take a comprehensive view. As solvents, hot waters are so 
incomparably superior to cold watiu's that the.v apjteal to us strongly. 
IVe may therefore take it as well estalilished that water is the vehicle. 
The chemical compounds which constitute the on's naturally differ 
widely in solubility and no sweeping statements can be made regard- 
ing them. Iron, for example, yields very solubic^ salts and is widely, 
one might almost say universally, distributed in ordinary waters. Its 
ores are compounds of the metal with oxygen and in this respect it 
differs from nearly all others, which are mostly combined with sul- 
phur. Although almost all of them have oxidized compounds, the 
latter are on the whole very subordinate contributors to oui’ furnaces. 

Iron is everywhere present in the rocks and when exposed to the 
natural reagents it is one of their most vulnerable elements. It 
therefore presents few difficidties in the way of solution and concen- 
tration by waters which circulate on or near the surface and which 
perform their reactions under our eyes. 

The compounds of copjier. lead. zinc, silver, nickel, cobalt, quick- 
silver. antimony, and arsenic with sulphur present more difficult 
problems and ones into whose chemistry it is imjios.sible to enter 
here in any thorough way. but in general it may be said that the 
solutions were probably hot. that they were in some cases alkaline, in 
others acid, and that the pressure under which they took up the 
metals in the (hquhs has been an important factor in the process. 
The loss of heat and prcssui’e a.s they I'ose toward the surface no 
doubt aided in an important Avay in the result. 

The first condition for the production of an ore deposit is a water- 
way. It may be a small crack, or a large fracture, or a porous 
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stratum, but in some such form it must exist. Xaturally porous 
rock atforcls the simplest case and provides an easily understood 
place of precipitation. For example, in the decade of the seventies 
rather large mines at Silver Beef in southern Utah Avere ba.sed upon 
an open-textured sandstone into Avhicli and along certain lines silver- 
bearing solutions had entered. Wlierever they met a fossil leaf or 
an old stick of wood vhich had 1)een Iniried in the rock the dissolved 
silver was j^recipitated as sulphide or chloride. Sometimes for no 
apparent reason the solutions impregnated the rock with ore. but the 
ore .seems to follow along certain lines of fracturing. Again, at 
Silver Cliff, near Bosita. in central Colorado, the .silver .solutions had 
evidently at one time soaked through a bed of porous volcanic a.sh 
and had impregnated it with ore. which, while it lasted, was quarried 
out like .so much rock. In the cojtper district of Keweenaw Point, on 
Lake Sujjerior. the copper-i)earing solutions have penetrated in some 
places an old gravel bed and ini|)regnated it with copper; in other 
places they have passed along certain courses in vesicular lava Hows 
and have yielded up to the ca\ itie.s scales and shots of native copper. 

It has hapjDcned at times that the ore-bearing solutions, rising 
through some crevice. hav<‘ mot a .stratum charged with lime, and 
having spread sideways have apparently been robbed of their inetaF 
beeaust" the lime precii>itated the valuable minerals. In the Black 
hlills of South Dakota there are sandstones with beds of calcareous 
mud rocks in them. .'Solutions bringing gold have come up through 
iusignitlcant-looking crevices called "verticals" and have impreg- 
nated these mud rocks with long shoots of valuable gold ore.s. In 
prospecting in a promising locality the miner, knowing the svste- 
niatic arrangement of the \erticals. and having found the lime shales, 
drifts along in them, following a crevice in the hope of breaking into 
ore. The Aery extended and productive shoots of lead-siher ores :a 
LcadA’iilc, Colo., Avhich have been vigorously and continuouslv mined 
since l.s77. are found in limestone and usually just underneath sheets 
of a relatively imiAeiwious eruptive rock. They run for long distances, 
and suggest uprising solutions which folloAved along beneath the 
eruptive, perhaps checked by it. so that they liaA’e replaced the lime- 
stone Avith ore. The limestone must huA e been a Augorous precipitant 
of the metallic minerals. 

The fracture itself up through Avhich the waters rise may be of 
considerable size and thus furni.sh a resting place for the ore and 
gangue. as the associated barren mineral is called. A deposit then 
results. AA’liich affords a typical fis.sure A’ein. The commonest hlling 
is quartz, but at times a large Auiriety of minerals may be present 
and sometimes in beautifully symmetrical arrangement. In the lat- 
ter case the uprising Avaters have first coated each Avail Avith a layer. 
Thej’ have then changed in composition and ha\T deposited a later 
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and ditferent one. and so on until the crack has become filled. Often 
cavities are left at the center or sides and are lined with beautiful 
and shining crystals, which flash and sparkle in the rays of a lamji 
like so many gems. There are quartz veins in California which are 
mined for gold and which seem to have filled clean-cut crevices, wall 
to wall, for several feet across. More often there is evidence of 
decided chemical action upon the walls, which may be inijiregnated 
with the ore and gangue for some distance away from the fissure. 
As the source of supply is left, however, the impregnation becomes 
less and less rich and finally fades out into barren wall rock. Tlie 
enrichment of the walls varies also from point to point, since where 
the rock is tight the solutions can not spread laterally, but where 
it is open the impregnation mat’ be extensive. The miner has, there- 
fore. to allow for swells and pinches in his ore. 

Of even greater significance than the lateral enrichment is the 
Iieculiar arrangement of the valuable ore in a vein that may itself 
be continu ms for long distances, although in mo'-t places too bar- 
ren for mining. Ckues are. indeed, known in which profitable vein 
matter has been taken out continuousiy for ])erha])s a mile along the 
strike, but they are relatively rare. The usual experience reveals 
the ore running diagonally down in the vein filling and. more often 
than not, following the polished gi-ooves in the wall-, which am called 
“ slickensides " and which indicate the direction taken by one wall 
when it moved on the other during the formation of the fracture. 
The rich places may terminate in depth as well and again may be re- 
peateil. btit they nnist be anticipated, ami for them allowance must 
be made in any mining operation. 

Ores theretVjfe gather along subterranean waterways. They may 
fill clean-cut fissures wall to wall: they may impregnate porous wall 
rocks on either side; they may even entirely replace soluble rocks 
like limestones. 

Me may now raise the question a^ to the s®urce of the water which 
accomplishes these results, and the further question as to the cause 
of its circulations. 

The nature of the underground waters, which are instrumental 
in filling the veins, presents one of the most interesting, if not the 
most interesting, phase of the problem, and one upon which attention 
has been e.-j^ecially concentrated in later years. The crticial iioint 
of the discussion relates to the relative importance of the two kinds 
of ground wateis — the magmatic, or those from the molten igneous 
rocks, and the meteoric, or those derived from the rains. The mag- 
matic waters are not phenomena of the daily life and observation of 
the great majority of civilized peoples, and for this reason they have 
not received the attention that otherwise would have fallen to their 
share. Relatively fetv geologists have the opportunity to view vol- 
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canoes in active erujjtion, and have but disproportionate conceptions 
of the clouds and clouds of watery vapor which they emit. The 
enormous A-ohmie has. however, been hrouoht home to ns in recent 
years with g-reat force by the outbreak of Mont Pelee. and we of 
this Academy, thanks to the efforts of our fellow-member. Dr. E. O. 
Ilovey. of the American Museum of Xatural History, have had them 
placed verv vividly before iis. It is on the whole not surprising 
that to the meteoric waters most observers in the past have turned for 
the chief, if not the only, agent. I will therefore first present, as 
fully as the time admits and as fairly as I may. this older \iew. 
which still has perhaps the larger numlau- of adherents. 

Except in the arid districts, rain falls more t)r less copiously upon 
the surface of the earth. The largest portion of it runs oft' in the 
rivers: the smallest portion evaporates while on the surface, and the 
intermediate jjart sinks into the ground, urged on by gravity, and 
joins tlie grotmd waters. Where crevices of considerable cross sec- 
tion exist, they conduct the water below in relatively large rpiantity. 
Shattered or porous rock will do the same, atid we know that open- 
to.xtiired sandstones, dipping down from their outcrt)]>s and ffattening 
in dejith, lead water to artesian reser\-oirs in va'l (piantity. As 
jjassages and crevices grow smaller the friction on the walls increases 
and the water moves with greater and greater difficulty. When the 
passage grows very small movement practically ceases. The fiow 
of water through pipes is a very old matter of iin estigation. and all 
engineers who deal v ilh i)roblems of water sup[)]y for cities or with 
the circulation of water for any of its countless appliiaitions in daily 
life must be familiar with its laws. Friction is such an important 
factor that only Ijy the larger natural crevices can the meteoric 
waters move downward in any important (juantity or with appre- 
ciable velocitv. They d(> '-ink. of cour-.e. and come to comparative 
re't at greater or le^s di.Mance from tlie surface and yield the supplies 
of imdergroiuid watei- upon which we draw. 

The section of the I'oi'ks which stands between the surface and the 
ground water is the arena of active change and is that part of the 
earth's crust in which the meteoric waters exercise their greatest 
effect. Ivocks within this zone are in constant process of decay and 
disintegration. Oxidation, involving the jn-oduction of sulphuric 
acid from the natural metallic suljthides. is actively in progress. 
Carbonic acid enters also with the meteoric waters. The rocks are 
o])en in texture and favorably situated for maximum change. From 
this zone we can well imagine that all the finely divided metallic 
particles, which are evidely and s|)arsely distributed in the rocks, go 
into solution and tend to migrate downward into the quiet and rela- 
tively motionless ground water. If the acid solutions escape the pre- 
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cipitating action of some alkaline reagent, such as limestone, they 
may even reach the ground waters, and their dissolved burdens may 
l)e contributed to thi^ re'-i'rvoir. but the greater portion seems to be 
deposited at the level of the ground water itself or at moderate 
distances below it. Impressed by these phenomena, which jn'esent 
a true cause of solution, and influenced by their familiar and every- 
day character, we may luiild up on the basis of them a general con- 
ception of the source of the metallic minerals dissolved in those 
a(]ue()U'' solutions vhich are recognized liy all to be the agents for the 
tilling of I he veins. 

Let us now focus attention on the ground water. This saturates 
the rocks, lills the crevic(‘s, and force-, the miner who sinks his shaft 
to pump, much again.st his natural inclination. The vast majority 
of mines are of no great depth, and the natural conclu'ion of our 
earlier observers, based on Ibis e.xperience. has Ireen that the ground 
watei's (>xtend downward, saturatijig the strata of the earth to tlu' 
limit of possible cavities, di.-tances which vary from 1.000 to more 
than iiO.OOO feet. To this must be added another familiar phe- 
noiiumon. The interior tem])erature of the earth increases at a 
fairly definite ratio of about 1- F. for each 00 to 100 feet of descent. 
In round number..,, if we start with a place of the climatic conditions 
of New York — that is. with a mean annual temjterature of about .51° — 
we should on descending 10.000 feet bebov the surface find a tem- 
])erature of about 212°, and if we go still deeper, it would be still 
greater. Of course, under the burden of the overlying colmiin of 
water, the actual boiling points for the 'cveral dei)ths would be 
greater, and it i' a question whether the increase of temperature 
wotdd overcome the im-rea.'e of prc'sure and th(“ consequent rise of 
the boiling jxiint so as to convert this water into steam, cause great 
increase in its elasticity, decrease in its specific gravitv. and thei-ebv 
promote circulation'. At all evtmts, the ri'C in teinperaruiM' would 
cause expansion of the lif|uid, would disturb efiuilibrium, and to this 
degree would jiroinote circulations. 

There is one other possible motive power. The meteoric water- 
enter the rocky strata of the globe at elevated points, sink down- 
ward, meet the ground water at altitmles above the neighboring 
valleys, and establi.sh thereby what we call " head. " In consequence 
they often yield spring.'. If we imagine the head to be eft'ectii'e to 
con.siderable depths we have again the deo]t-seated waters under 
presstire. which after their long and devious journey through the 
rocks may cau'c them to rise elsewhere as spi-ings. The head may 
in small degree Ije aided by the e.xpan'ion of the uprising heated 
column, whose specific gravity is thereby lowered as conqtared with 
the descending colder column. 
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]\Iay ve now draw all these facts and sup 2 iosed or assumed 
jihenomona into one whole ? 

The de^t'ending meteoric waters become charged with dissolved 
earthy and metallic minerals in their downward, their deeji-seated 
lateral, and [lerhajis also at the beginning of their heated uprising 
journey. They are urged on by the head of the longer and colder 
descending column and by the interior lieat. They gather together 
from many smaller channels into larger issuing trunk channels. 
They rir-e from regions of heat and pressure which favor solution, 
into colder regions of precii^itation and crv.stallization. They dc- 
jiosit ill these upper zones their burden of dis-olved metallic and 
earthy minerals and yield thus the veins from which the miner draws 
his ore. 

This conception i.s based on iihenomena of which the greater jRH’t 
ai-e the results of everyday experience. It is attractive, reasonable, 
and is on the whole the one which lias been most trusted in the jiast. 
Doubtless it has the widest circle of adherents today. It is, how- 
ever, ojien to certain grave objections, which are gaining slow but 
certain siijiport. 

The conception of the extent of the ground water in dejith, for 
example, is flatly opposed to our experience in tho'O hitherto few 
but yearly increasing deei) mines which go below l.eOO or 2.000 feet. 
Wherever deep shafts are located in regions other than those of 
ex])irlng but not dead volcanic action, they have jiassed through the 
ground water, and if this is carefully impounded in the upper levels 
of the mines and not allowed to follow the workings downward, it 
is found that there is luit only less and less water but that the deep 
levels are often dry and du.sty. Along this line of invc'-tigation, 
Mr. John W. Finch, recently the .“state geologist of Colorado, has 
reached the conclusion, after wide experience with deep mine-, that 
the ground waters are limited, in the usual experience, to about 
1.000 fei't from the surface and that oidy the U 2 ) 2 )er layer of this is 
in motion and available for springs. 

Artesian wells do extend in many cases to dejtths much greater 
than this and liring .supiilie.s of water to the surface, but their very 
existence imi)lies waters impounded and in a state of rest. 

To this objection that the ground waters are shallow it has been 
re{)lied that when the veins were being formed tlu‘ rocks were open- 
textured and admitted of circulation, but subsequently the cavitie.s 
and waterways became jdugged lyv the deposition of minerals by a 
jjrocess technically called cementation, and the snpjilv beine- cut off, 
they now appear dry. There must, however, in ordt'r to make the 
" head " effective, have once been a continuous column of water Avhich 
introduced the materiaLs for cementation. It is at lea.st difficult to 
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understand how a jjrocess, which could only progress by the intro- 
duction of material in very dilute soliitit)ii should, by the agency of 
crystallization, drive out the only lueaiis of its jtroduction. Some 
residue of water must necessarily remain locked up in the partially 
cemented rock. This residue we of course do not find where rocks 
are dry and drifts are dusty. Tn many cases also, where deep cross 
cuts have penetrated the fresh wall rock of mines, cementation, if 
pi esent. has been so slight as to escape detection. 

If we once admit that this conclu.sion is well based, it removes the 
Aery foundation from hem-ath the conce[)tion of the meteoric Avaters 
iind tumbles the Avliole structure in a heap of ruins. 

Ildiile I Avould not Avish to jAositively make so sweejting a statement 
as this alxjut a (juestion involving so many uncertainties, there is 
nevertheless a groAving conA'iction among a not inconsiderable gi’oup 
of geologists that the rockv crust of the earth is much tighter and 
less open to the jtassage of descending waters than has been generally 
believed and that the phenomena of siu'ings Avhich have so much 
influencod conclusions in the pa.<t affect only a comparatively .shal- 
low. oA'erlying .section. .'Such phenomena of cementation as Ave see 
are probably in large part due to the action of water stored U2) by 
the .sediments Avhen originally deposited and carried doAvii by them 
Avith burial. I.'nder presstire a relatively small amount of Avater 
ma\’ he an iiuitortant A’ehicle for recrystallization. 

It has been a-sumed in the al)o\-e i)resentation of the case of the 
meteoim- Avaters that they ai'e able to leach out of the deeji-seated 
Avail rocks the finely di-.seminated particles of the metallic minerals, 
but the conviction has been growing in my own mind that Ave have 
been inclined to overrate the ]irobability of this action in our discus- 
sions. In the lii’st jjlace, our knowledge of the presence of the metals 
in the rocks themselves is ba--ed upon the assay of samjjles almost 
ahvays gathered from e.xfto-'iires in mining districts. The rock has been 
sought in as fresh and unaltered ti condition as jtossible and '“udeavors 
have Iteen made to guard agtiin^t the jjossible introduction of the 
metallic contents by those same waters Avhich have filled the neigh- 
boring A’eiiis. But if Ave admit or assume that the as^ay values are 
original in the rock. and. in case the latter is igneous, if we bidieve 
that the metallic minerals IniAe crystallized out Avith the other bases 
from the molten magma. Ave are yet confronted Avith the fact that 
their veiw jU'esence and detection in the rock shoAvs that they hare 
esca])ed leaching, even though they occur in a district Avhere under- 
ground circulations have laaui especially acti\'e. Fi'om the results 
Avhich Ave havt' in hand it is (luite as justifiable to argue that the 
metals in the rock' aiv jtroof against the haiching action of under- 
ground circulations as that they fall victims to it. These considera- 
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tions tend to restrict the activities of the meteoric waters to the vadose 
region, as Posepny calls it. i. e.. that belt of the rocks which stands 

1) etween the permanent water level and the surface. Within it is an 
active area of solution, as we have all recognized for many years, 
hut, as previously .stated, experience shows that the metals which 
go into solution in it strongly tend to precipitate at or not far below 
the water level itself. 

It is of interest, however, to .seek some (luantitative expression of 
the ])robleni, and the assays given above furni.sh the necessaiw data. 

I have taken the values of the several metals which have been 
found by the assays of what were in most ca.ses believed to be iu)i-nia] 
wall rocks, selecting those of igneous nature, because experience 
shows them to be the richest. The percentages have been turned into 
pounds of the metal per ton of rock. 'I'liis latter value has then been 
recast into piounds of the most probable natural compound or mineral 
m each case. I have next calculated the volume of a cultc corre- 
sponding to the last weight, and by extracting its cube' root have 
found the length of the edge of such cube. If now we assume a rock 
of a sjjecitic gi'avity of -i.TO. which is a fair average value, and allow 
it 11 to 12 cubic feet to the ton. or. say, 20.()i)() cubic inches, the edge 
of the cube-ton will be 27.14 inche.s. The ratio of the edge of the 
cube of metallic mineral to the edge <jf the cube-ton of inclosing rock 
will give us an idea of the chance that a crack large enough to form a 
solution waterway will have of intersecting that amount of contained 
metallic mineral. Of course in endeavoring to establish this quanti- 
tative conception I realize that the metallic mineral is not in one 
cube, and that through a cube-ton of rock more than one crack passes, 
but I assume that the finene.'-s of division of the metallic mineral 

2 ) ractically keeps pace with the les.sening width and close spacing of 
the crevices. It is also realized that the shape of the minerals is not 
cubical. I am convinced from microscopic studv of rocks and the 
small size of the metalli<' j)articles that their subdivision certainly 
keeps pace Avith any conceivable solutiou-cracks. and that no great 
error is involved in the first assumption made. 'I'he sides of a cube 
represent three planes which intersect at right angles and Avhich are 
mathematically equivalent to any series of jdanes intersecting at 
oblique angles. Hence, if Ave consider as cu1h“s the sul)di\isions 
formed in our rock mass by any series of intersecting cracks, there 
are three set.s of planes, any one of Avhich might intersect the cube of 
ore. MT must therefore multiply the ratio t)f probability that anv 
single set Avill intersect it by three in order to have the correct expres- 
sion. 'I’he chance that a crack of the width of the cubic (ulge of the 
inclosed mineral will strike that cube is giA'cn bv the ratios in the last 
<'ohimn. Avhich ratios T assume hold good with increasing tineness of 
subdivision both of metallic minerals and of cracks. 
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From the table it 

is evident that the chances 

vary 

from a 

maxi- 


iimiii in the ciue of copper of I in <> through vnrioiu intermediate 
valueb to a miniinuni for gold of 1 in over 100. This is ectiiivalent to 
baying- that with cracks whose total width hear- the same relation to 
the width of the rock mass as is borne by the diameter of the i)article 
of ore. the chance of cro.-.-ing a jiarticle varie-^ fi-om 1 in b to 1 in 100. 
Or we may say that with cracks of this spacing from one-sixth to one 
one-hnndredth of the contained metallic mineral might be leached 
out." ^^’hen, therefore, as is often the ease in monographs ujion the 
geology of a mining district, inferences are drawn as to the jtossibil- 
ity of deriving the ore of a vein by the leaching of wttll rocks whose 
metallic ctmtents have Iteen proved by a^>ay. the total available con- 
tents ought to be divided by a number from 0 to 100. if the above 
reasoning is correct. 

This diminution will tend to modify in an important manner our 
belief in the ])robability of -uch ] )roc<‘s.-(‘'^ as have been hitherto 
advocated. IVe may jii.^tly rai^^e tin" following riuc-tion-: flow 
closely set. as a matter of fact, are the crack- which are lai’ge enough 
to furnish solution waterways in the :ibo\-e rocks, and can we reach 
any definite conception regarding their distribution t Some rpianti- 
tative idea of the relations may be obtained from the tests of tin' 
recorded absorptive capacity of the igneous rocks which are employed 
as building stone. (1, P. Merrill in his valuable work on Stones for 
Building and Decoration, page has gi\-en ihe-e values for ti;) 

granites and 4 diabases and gabbros. They \ary for the granites 
from a maximum of onc-f-wentieth to a minimum of oii(> seven-hun- 
dred-and-fourth. f hav(‘ averaged tlnan all and have obtained one 

With t(i the How ot waters tiiroiiitli creviie.s ami th<' relation of the 

flow to var.vino diameters or widtlis. a ver.v lueid stateiiu'ut will he foniid in 
fresideiit ('. R. Van nis<i's vahialde iiaper iu the Traii'aetious ot the Ameri- 
i-aii Institute of Minium Kiitriueers, XXX, 41. and iu Ids .Mouo^'raiih on 
Metiiiuurphism. 
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two-liiiiidred-and-thirty-seventh as the result. That is, if we take a 
cubic inch of granite and thoroughlv dry it.it will ahborb water up to 
one two-hiindred-aiid-thirty-seveiith of its weight. The volume of 
this water indicates the open spaces or voids in the stone. The aver- 
age of the specific gravities of the 30 granites is 2.GfT. If by the 
aid of this value we turn our weight of water into A'olume, we find 
that its volume is one-ninetieth that of the rock. For the four dia- 
bases and gabbros, similarly treat<‘d. the ratio of absorption is one 
three-lmndred-and-tenth ; the specific gravity is ‘2.771) and the ratio 
(jf volume one one-hundred-and-tenth. IW can express all this 
more intelligibly by saying tliat if we absume a culie of granite and 
if we combine all its cavities into one crack jiassiiig through it, par- 
allel to one of its sides, the width of the crack will be to the edge of 
the cube, as 1 to 00. In the diabases and gabbros. similarly treated, 
the ratio will be 1 to 110. Thebe values are very nearly the same as 
the average of the ratios of the edges of the cubes of rock and ore 
given in the talile on page 202. it being 1 to 104. IVe may conclude, 
thert'fore. that in so far as we can check the previous conclusion by 
exjierimental data it is not far from the truth. 

It may be stated that the porphyritic igneous rocks which have 
furnished nearly all the bam];)les for the aitove analyses are as a rule 
extremely dense, and that their absorptive capacity is more nearly 
that t)f the com])act granites than the oiwn-textured ones. It is 
highly improbable that underground water circulates through these 
rocks to any appre(.'iable degree except along cracks which have been 
produced in the mechanical way. either by contraction in cooling 
and crystallizing or by faulting and earth movements. The cracks 
from faulting are lerv limit(‘d in extent, and in the greater number 
of our mining districts they affect but narrow l)elts. small fractions 
of the total. Of the cracks from cooling and crystallizing those of 
us who have seen rock faces in crosscuts and drifts underground 
where excavations have i)ecu driven away from the veins proper can 
form some idim if we eliminate the shattering due to blasting. My 
own imju’ession is that in rocks a thousand feet or so below the sur- 
face such cracks are rather widely spaced, and that when checked in 
a general way by the ratios just given these rocks are decidedly 
unfavorable materials from which the slowly moving meteoric ground 
waters (if such exist) may extract .such limited and finely distributed 
contents of the metals. 

I have also eiuleuNored to check the conclusions by the recorderl 
experience in cyaniding gold ores in which fine crushing is so impor- 
tant. and I can not resist the conviction that we have been inclined 
to believe the leaching-of comjjact and subterranean masses of rock a 
much easier and more probable process than the attainable data 
warrant. 
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As soon, however, as we deal with the open-textnred fragmental 
sediinentM and volcanic tiilfs and breccias the permeability is so 
enhanced as to make their leaching a comj^aratively simple matter. 
Yet '^o far as the available data go they are 2)Oor in the metals or eYe 
are open to the susjdcion of secondary imj)reg nation. They certainly 
have been seldom, if ever, selected Ijy students of niiiiiug regions as 
the probable source of the metals in the veins. 

Should the above objections to the efficiency of the meteoric waters 
seem to be well established, or at leaY to have weight, it follows that 
the arena where they are most, if not chiefly, etfective is the vadose 
region, between the surface and the level of the ground water. 
1 ndoidttedly from this section they talte the metah into solution and 
carry them down. Ibit it is etjually true that they hise a large 2tart 
of this luirden. e'jiecially in the case of coji^ter. lead and zinc, at or 
near the level of the grotuid water and are particularly efficient in 
the secondary enrichment of already formed but conpiaratively lean 
ore bodies. 

Let us now turn to the ntagmatic waters. That the floods of lava 
which reach the surface are heatdly cliargnd with them there is no 
doubt. So heavily charged are they that Prof. Edouard Suess. of 
Vienna, and our fellow-ineinlxu'. I’rof. Eobert T. Hill. t)f Xew York, 
have seen reason for tlte conclusion that even the oceanic waters have 
in the earlier stages <jf the earth s history been d(U’ived from volcanoes 
rather than, in accordance with the old belief, volcanoes d('rive their 
steam from downward percolating sea water. From vents like Mont 
Pelee. which in periods of e.xplosive outbreaks yield no molten lava, 
the vapors rise in such t'olume that cubic miles become our standards 
of measurement. 

There is tio reason to Itelieve that tiiaiiy of the igneous rocks which 
do not reach the surface are any less rich, and when thev rise so near 
to the ujtiter world that their (‘missions mat' attain the surface we 
must assign to the resulting waters a very important i)art in the 
underground economy. 

'rids general (piestion has attracted more attention in Enroite in 
recent years as regards hot s|, rings than in America. So manv 
health resort~ and watering j)lace.~ are located tipon them that thev 
are very important foitndatious of local iiistittttious and profitable 
enterprises. I’rofessor .'■’tiess. wliom T have (‘arlier cited, delivered an 
address a few years ago at an anniversary celelu'ation iti f'arlsbad. 
B(jhemia. in which he stated that Eosiwal. who had studied the Carls- 
bad district, could not detect any agreement betwt'en the run of the 
rainftill and the oittflow of the springs, and that both the unvar\- 
ing cointjosition and atnottut throtigh wet seasons and drv were 
ojtpo'ed to a meteoric s(jurce. AYater. therefore, from subterranean 
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igneous rocks, well known to exist in the localit_v. was believed to be 
the source of the springs. The same general line of investigation 
has led Dr. Eudolf Delkeskamjo. of Giessen, and other observers to 
similar conclusions for additional springs, so that magmatic waters 
have assumed a prominence in this respect which leaves little doubt 
us to their actual development and importance. 

All familiar with weAern and >outhwesterii mining regions know 
as a matter of experience that the metalliferou-. veins are almo-^t 
always as'-ociated with intnuive rock<. and that in ^'erv inanv cases 
the period of ore formation can be sliown to have followed hard upon 
the entrance of the eruptive. The conclusion has therefore been 
natural and inevitable that the magmatic waters have been, if not the 
sole vehicle of introduction, yet the preponderating one. 

With regard to their emission from the cooling and crystallizing 
mass of molten material we are not perhaps entirely clear or well 
established in our thought. So long as the mass is at high temjiera- 
tures the water is jiotentially present as dissociatefl hvdrogeu and 
oxygen. Wv are not well informed as to just what is the chemical 
behavior of the<e gases with regard to the elements of the metallic 
minerals. Hydrochloric acid gas is certainly a widely distributed 
associate. If. as seems jjrobahle. the-e gases can serve, alone or with 
otlu'r element^, as ^■ehicles for the removal of the constituents of the 
ores and the gangue. the possibilities of ubicjiiitoiis egress are best 
while the igneous rock is entirely or largely molten. In part even 
the phenomena of crystallization of the rock-forming minerals them- 
selves may be occasioned by the loss of the dissolved gases. Through 
molten and still fluid rock the gases might bublde outAvard if the 
pressure were insufficient to restrain them and ivould. Avere their 
chemical poAvers sufficient. huA-e opportunity to take up eA’en sparsely 
distributed metals. 

On the other hand, if their emission, as seems more probable, is 
in largest part a function of the stage of solidification and takes place 
gradually Avhile the ma-s is congealing or soon thereafter, then they 
must depart along crevices and openings Avhose ratio to the eiitiie 
mass Avould be similar to those giA'en aboA’e. They might haA’e anil 
probably do liaA'e an enhanced ability to dissolve out in a searching 
and thorough manner the finely distributed metallic particles a.s com- 
pared Avith relatiA’ely cold meteoric Avaters AA’hich might latm- j^armeate 
the rock, but as regards the problem of leaching, the general relations 
of creA'ices to mass are much the same for both, and it holds also true 
that the discovery of the metals by assay of igneous rocks proves 
that all the original contents haA’e not been taken by either process. 

We may. hoAveA’er. consider an igneous mass of rock as the >ource 
of the Avater even if not of the ores and gangue, and then we have 
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a ivell established reservoir for this solvent in a highly heated condi- 
tion and at the necessary depths within the earth. Both from its 
parent mass and from the overlying rocks traversed by it, it may 
take the metals and gangiie. 

In the upward and especially in the closing journey, meteoric 
waters may mingle with the magmatic, and as temperatures and 
pressures fall, the precipitation of dissolved burdens takes place and 
our ore bodies are believed to result. Gradually the source of water 
and its store of eiiergv’ become exhausted; circulations die out and 
the period of vein formation, comparatively brief, geologically 
speaking, closes. Secondary enrichment through the agency of the 
meteoric waters alone remains to ijdluence the character of the deposit 
of ore. In brief, and so far as the process of formation of our veins 
in the western mining districts is concerned this is the c'onception 
which has been gaining adherents year by year and which, on the 
whole, most fully accords with our observed geologic relations. It 
accords with them. I may add. in several other imiiortant particulars 
upon which I have not time to dwell. 

In closing I may state that speculative ami uncertain as our solu- 
tion of the problem of the metalliferous veins may seem, it yet is 
involved in a most important way with the jiractical opening of the 
veins and with our anticipations for the future production of the 
metals. Every intelligent manager, superintendent, or engineer must 
plan the development work of his mine with some conception of 
the way in which his ore body originated, and e\en if he altei'iiates 
or lets his mind play lightly from waters meteoric to waters mag- 
matic, over this problem he mu'-t poiuler. On its scientihe side and 
to an active and reflective mind it is no drawback that the problem 
is yet in some respects elusive and that its solution is not yet a matter 
of mathematical demonstration. In science the solved problems lose 
their interest: it is the nmlecided ones that attiact and call for all 
the resources ^Yhich the investigator can bring to bear upon them. 
Among tho.se problems which are of gi-eat practical importance, 
Avhich enter in a far-reaching way into our national life and which 
irresistibly rivet the attention of the observer, there is none with 
which the problem of the metalliferous veins suifers bv comiiarison. 
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The oToat increase in the worlcl's animal consumption of iron, 
toa’ethi'r with the attempts of lari;e interests to acquire the known 
iron-or(‘ reserver', have leil to careful inventories of the world's supply 
of iron ore, its rale of dej>h‘tion. and to r-jiecnlations as to further 
snjijilies. Estimates of the tiim* of exlianstion of the present known 
supply have varied widely, hut liave .-howii startling agreement in 
the short time as'-igued. During the jire-ent year there have appeared 
several discussions of the subject which mei'it e'jiecial attention.*' 
Professor ToriK'hohm estimates for the Swedish (.iovernment the 
iron-ore rcsorv<‘s of the world hv countries, laised on detailed figures 
for the individual disti'icts. as follows: 


i ■HHitr’ 


rnUud Mule- 

' irt-Tir Britain 

'.rL’rniilll; 

Spain 

Jiij'l Finland 

FraiiCc- 

Stvedf'n 

Au'stna-Uuntjarx . , 
Otht-^r t'OuntrDv . . . 


IroUMiro resnr\ > . 

Meiiilhc 

11*011 

T")ti' 

r^r ctut. 

1 IW.Ooi’.OOO 

45 to t'7 

l.lino, OOO, OtiO 

25 to 0 1 

J. -AH), IX'0, 000 

oO to I'l 

.'>0o. 000. 000 

40 to 5fi 

I "00. 000, 000 

20 to h") 

1 eOo.Ooo.OOO 

1.00(1 nOii 000 

50 to 70 


l.i:ou. Lino. 000 


Total 


10.000 OOO 000 


" Reprinted hy [tprmi'-'ion from Kconomir Opoinay. \'oI. 1. Xo. 4, Kehriiary-March, 1006. 
Piconomic Geology Publishing' r*>rapan.\. Lancaster. l*a. 

^ Presidential addroys, by K, A. IJadlield Delivered at the annual meeting of the Iron 
and Steel Institute at Loudon May 11. 10u5. Joiirn. Iron and Steel In^t., Vol. LXVII, 
No 1 , pp. 27 - 106 . 

The iron ore supply ttf the world, by Prof. Alfred Toruebohm. TeUnisk Tidskrift. Sep- 
tember, l'.»0r>. Translated in the Inm Age Xoveralter 2, P-H*-”). [tp ll'iS— 1160 

The exhaustion of the world’s metals, bv N. S Shaler. Inrernat ional Quarterl.v. Vol. II. 
Ibo.". pp. 28o- 247. 

A World survey of iron and steel, by .J. Stephen .leans, seeretary British Iron and Steel 
Institute. 

.V Idue bonk of iron-ore doposits m foreign countries, by I.b'WclIyn Smith Pomi)iled at 
the board of trade from diplomatic and consular reports. Loudon, 1D05. 
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Many atiII be surprised at the high figures given for the reserves 
in Great Britain and European countries. So much is heard of our 
ovn vast reserves and of the hw grade of some of the foreign ores 
that ve have come to think of the supply outside of Xorth America as 
relatively small. The position of the United States is soinevdiat better 
than shown in the table when Ave take into account the grades of ore. 
By multiplying the figures by flie average percentages of metallic 
iron given for each of the countries by Professor Tornebohm the 
result is as follow-^ : 


‘''ir!?”"' Countrv. 

Ton^ I Ton.< 

fi03, tlOO Spain 249. 375, 000 

205.000. 0n0 I Ru«Ma and Finland 637,500 000 

525.000. 0<X» '■ Sweden 6U, 53s, 460 

It is belicA’ed that the reserves for the United States, and hence the 
total, are higher than indicated in this table, but before taking u]) 
this (piestion Ave may consider conclusions that may be draAvn from 
the figures as they stand. 

President lladfleld. of the British Iron and Steel Institute, has 
prepared a diagram. shoAving the Avoild's increase of pig-iron con- 
sumption since the fifteenth century and the projection of this rate 
for the next century on the rate of the laA thirty years. I f tin' same 
rate of increase hold for the next century as has held for the la--t thirty 
years, iit the year 2000 the Avorld's annual consumjAtiou of iron will 
be three and one-fourth times its present consumption. The total 
world'- su[)ply of iron ore uoav known. giA-en as 10.000.000.000 tons 
by Tornebohm. will be exhaitsted in about fifty year-. If the total 
he correct, about one-fouith of the world's known reserve- haA’e been 
used to the present time. 

It i- argup<l that the calcidated rate of increase is not improbable 
becau-p of the increased rate per capita of the countries noAv using 
iron, bei-au-e of the normal increase of the population of these coun- 
tries and Ijecause of the extension of the uses of iron through a much 
larger jn'oportion of the Avorld's population than uoav uses it ( 121 
per cent). If dS jjer cent of the Avorld's population Avere to require 
iron in the year 2000. this Avould account for the calculated increase 
of c.onsum]>tion. 

HoAveA'cr. this additional part of the Avorld's population, especially 
in Asia, may find its oAvn iron-ore supplies. Xo one Avould doubt 
that the Avorld's reseiwes will be greatly increased by new discoA-erie- 
in these relativ-ely unexplored parts of the Avorld. 

Judging from the history of the cleA-elopment of the iron-ore 


United States 
Great Britain 
Germanv 
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industi’}' to the present time the reserves of nnexj^lored eountries are 
likely to be developed only so fast as the population recpiires it. In 
this case such new discoveries will not figure in the reserves available 
to the countries at present producing iron ore. The generalization 
might perhaps be made that each continent must ultimately depend 
on its own resources of iron ore and can not count, to any large 
extent, on drawing supplies from other jiarts of the world. 

It is of interest to apply the same method of calculation used for 
world's supply and consumption to the Ignited States. If the rate of 
increase of consumption be jirojected for the next one hundred years 
on the basis of the increase for tlie past thirty years — that is, the 
period used by President Iladfield, and the lines superposed upon his 
diagram — it would appear that tlie rate of increa.'-e of production for 
the United States is greater than that of the Morld. Also the rate 
of production for the ITiited States is greater than that of any other 
country. With the total reserve of iron ore in the United States 
estimated by Tiirneliohm at 1.100,000.000 tons, tlie sujiply would be 
exhausted in less tlian twenty year^ if the calculated rate of increase 
of production holds." IWth the reserve estimated by Tiirnebohm, 
up to the present time 80 ])er cent of our total supply has been used, 
and 29 per cent has been produced during the last thirty years. 

The late Edward Atkin.-on estimated tliat if the jier capita con- 
sumption remains the same th(‘ average annual increase in population 
of 2.000.000 for the I luted States calls for a yearlv increase of pig 
iron of half a inillioii tons, and that when the probable increase in 
per capita consumption is taken into account the total jumlnction of 
the United States will increase at a considerably greater rate. 

Professor Shaler concludes that th(‘ iron-ore supjilies of the United 
States are not likidy to la^t for mort' than a centurv. 

Others have reaclu'd similar conclusious as to the relativelv earlv 
exhaustion of the ore deposits, few venturing to predict a longei- life 
for the known deposits of more than one hundred years. The 
strenuous etl'orts of larger interests in i-ocent years to secun' ore 
deposits and to (>xplorc ore-i)earing fields arc' (>videnc(> that the pos- 
sibihty of the' early e.xhatistiou of the ores is aj>[)reciated by many of 
the companies most concerned. 

The situation is probably not so unfavorable as th(' above esti- 
mates would indicate. The assigned rate of increase of production 
may be too great, for the development of the iron industrv of the 
L nited .States for the past thirty years has been a phenomenal one. 

« Dr. TVilliau) Kent calculates a i)iir-iroii icrmliictidii of i;7..'140.(Mki tons in the 
\ear T.)1'0 on the basis of the rate of increase of ja-nrluction since IS, so. Iron 
Trade Review. Jan. lo. lUOT, pp. 7--7S. 

SM 190(' 14 
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On the other hand, it is seareely safe tt) predict a les'^ening rate of 
increase, for during the past fifty years it has ])een thought nian\ 
times that the increase of rate was checked. 

Tornebohni's estimate of tiie total reserves of iron ores for the 
United States is very conservative, ami probably should be greatly 
increased. His estimate is confined to the producing districts and 
leaves out of account many important extensions of the ore deposits 
and districts, many known deposits of good size and quality not now 
mined because of location or other causes, and large rc'-erves of ore 
which in the United States are regarded as too low grade to be of 
present commercial value, but really of a higher grade than ore^ 
counted in the English and German reserve^. There should also be 
included the iron-ore resources of Canada and ^Mexico immediately 
adjacent and accessible to the Ignited States, already largely con- 
trolled by American cajiital and probably to be used in part in the 
United States. 

The ultimate iron-ore resources of Xorth America are still far 
from known, but there may be no harm in reviewing our [tresent 
imperfect state of kiiowledgt- concerning them. 

A great bulk of the known reserves of the Ignited States is in the 
Lake Superior region. Tiirnebohni assigns a billion tons to the Lakt' 
Suiterior region, and these figures, while probably small, are in accord 
with many current estimates. In the producing Lake Superior iron dis- 
tricts exph)ratioii has. for the most part, been sufficiently thorough to 
make it certain that no large increase of reserves is to be expected. In 
the iMesalti Range, for instance. fiO.OOO drill holes and j)its have been 
sunk. The Lake Superior iron di-tricts. however, make up but a small 
proportion of the region trilnitary to Lake Su])erior. constituting less 
than 4 ])er cent of the land area iuidutled in the U. S. Geological 
Survey’s map of the Lake Superior region. In the remaining '.Hi j^er 
cent there are still large po'^ibilities foi- finding iron ores. The 
greatest of the ranges was discovereil as late as 1S')1. and within the 
last four years two entirely iK'w ranges have becut found, though 
neither of them yet of the first importance. The geological conditions 
are such as to warrant the belief that more may be found. At the 
present time exploration in area.s intervening between the ranges 
and in outlying areas is being ]mshed vigorously, showing the faith 
of iron men in further possibilities in this direction. The most 
sanguine, however. w(add scarcely hope to find ores equal in amount 
to those alriaidy known. 

Lake .Superior geological conditions are known to extend north- 
ward and northeastward through Ontario, suggesting an important 
source of supply here. The present known iron-ore sup^tly of this 
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j>rcat rejjion. counting even ore'^ of low grade, does not equal the 
reserves of one of the older Lake Superior districts, such as the ilar- 
quette. but the coiintrv still to l)e ex 2 tlored is so vast that it is not 
iini'easonable to supjtose that imjtortant iron ranges such as those of 
the Lake Superior region may be found. Xevertheless. it is true 
that nowhere in the Lake Sujierior country where an equivalent 
amount of exjdoration has been done have the results been so disajt- 
jDointing. 

IVhen the jiresent high-grade deposits of this and other countries 
are exhausted, the future demand for iron ore is likely to he met by 
the use of far lower grades than are now considered commercially 
jtrofitable. The term " ore is a relative one. Aldth the conditions 
in Alabama a rock containing 8() jter cent metallic iron may be mined 
as ore, while in the Lake Sujjerior country such rock is now of no 
value as an ore. The ferruginous cherts and ]‘as 2 )ilites. making iqt 
0.") jtor cent or more of the iron L)rmations of the Lake Superior 
region. a\erage between 2.") ami .'I.') jier cent in metallic iron. an<l show 
all gradations into the iron ores. At the ])resent time ores running 
below 4.') 2 )er cent are but rarely shipjied. If the time should come 
when hO jfer cent ore coidd be tised under the Lake Sxipcrior condi- 
tions, the tonnag(‘ available would be something enortnous. jaerliajts 
twenty or more times as great as (he ])resent supjdy. It should be 
reniembered that these (jres are high in silica, and therefore not as 
desirable as ores of the same metallic content containing calcium 
carbonate in the gangue as do the Alabama ores. iMoreover. the 
great distances from lilast-furnace centiu's. on the assumption that 
these remain atjproximately fixed, will jmt the low-grade Lake Sujje- 
rior ores to a disadvantage in the matter of the cost t)f transportation. 

Tbrnebohni estimates the amount of ore now available in the south- 
ern Appalachians at no.OOO.OOO tons. The Clinton red hematites 
make tip the bulk of this tonnage. Drilling has shown that the 
jiresently worked dcjiosits extend with slightly leaner but uniform 
composition in thin even beds over enormous areas, and it is alto- 
gether likely that the tonnage of these ores is many fold the fig'ure 
given." The ores are low grade, and the cost of mining will greatly 
increase when the larger reserves are tajiiied. 

The Clinton ores extend along the Aiijialachians into Xew York 
and apjtear again in Nova Scotia and Newfoundland. In each of 
these localities extensions are likely to be found. At Belle Isle, 
Newfoundland, approximately tlO.OOO.OOO tons of iron ore are avail- 
able. This body is known to extend under the ocean, and if it can 

" E. C. Eckel estimates l.UOO.iMMt.ooit Tims of reii ore aliove the thoiisaiicl-foot 
level in Alabama alone. (Engineering Magazine. Vol. XXX. 1006. p. 521.) 
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lie snccessfullv niiiieil there, a large additional tonnage may be 
secured. 

The brown ores of the eastern United States are difticnlt to esti- 
mate. They are usually low grade, mixed with clay, and often lie 
in thin and irregular beds, hut the aggregate amount is large. 

The magnetites of the Adirondacks and New Jersey are not 
included in Tdrnebohm’s tigures. Here again the tonnage is large, 
and if attemirts at magnetic separation are successful on a large 
scale, as they seem likely to be, we have here another imitortant 
source of iron ore which has not been taken into account in these 
estimates. 

The titaniferous niagnetites will be another important source of 
supply when they can l)c> profitably smelted. 

Unexploited iron ore d(>posit^ an- widely distributed in the western 
United .'states, and extravagant estimates of tonnage have been 
reported, fretiiiently due to the fact that the basis of cotiqjarison 
has been the comparatiwdy stnall size of the jtreciotis metal deposits 
(d the IVest. The writer has examined dejtosits of repitted large size 
where the trtie toutiage seemed to him to be meitsure<l iti tmits of 
thottsands rather thati millions or tens of millions. I'he grade of 
thest' deposits is on the avtu-age not high as comitared with Lake 
Superior deposits, and there is frequently a high percentage of 
phosphorus and '•ulphur. Nevertheless, there is in the aggregate 
through the Avcstern States a very largo tonnage of iron ore of 
present commercial grade. 

Among the better-known deposits might be mentioned those in 
the Ilartville district of ^^'yoming and in Fierro. N. iNlex.. lauli of 
Avhich arc now being drawn upon; in Pitkin, ('hali'ee. .Saguache. 
Lake and (riinnison counties. Colo.: in Iron County. Utah; in 
northeastern Washington, and in a number of localities in the 
(Jreat Basin region of Nevada and California. There should be 
included also the ores of Vancouvei’ and Te.xada islands, in British 
Columbia, which are largely controlled by American capital and 
will l)e used in the United States. Tin* same remarks mav applv 
to the Durango and other Mexican ileposits. lAith few exceptions 
the western ores occur along the contacts of intrusive igneous rocks 
and limestone, and the extent to Avhich the ores follow th(‘ contact 
in depth has not been ~howu. Hence the estimates of tonnage varv 
within A’cry wide linnts. The iron-ore deposits of Iron C'ounty. ITah. 
are among the larger and most typical of this class of ores. Here 
some SOO pits haw- been suidv. and it has been jAOssible in recent 
dctaile<l map]Aing to estimate Avith a reasonable approach to the 
truth the amount of ore of all grades appearing to the depth shoAvn 
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1)Y explorations or natural exjiosures. Using the T’tali deposits as 
a basis of comparison and excluding the ^Mexican deposits which 
the writer has not seen, the tonnage of iron ore of all grades in 
each of the better-known districts of the IVest and adjacent parts 
of British Cohinibia Y onld not surpass that of one of the ohh'r Lake 
Superior ranges; but it is extremely likely, as deep ex[)loration 
of the presently known deposits continues and as further deposits 
are found, as they nndonbtedlv will bo. that the aggregate tonnage 
of ore ill the West will equal a considerable part of that of the Lake 
Superior region, and one wouhl be rash to conclude that it is impos- 
sible that an amount of iron ore may be found in the West fully 
equivalent to that in the Lake Superior region. 

If these data approximate the truth, there seems to be little cause 
of alarm that Xorth America will really suffer for lack of iron ore 
for a considerably longer period than required for the exhaustion 
of the presently known tonnage, as estimated by Tiiruebohm and 
others, at the present rate of increase of production. The time of 
exhaustion is not likely to come Ixd’ore that calcidatt'd on the same 
basis for the world's rc'crves. ami probably not then. It may be 
itrgued that th(> U'e of lower grade ores in Liirope and England 
than in the Liuted States is itself evidence that the exhaustion of 
rc'serves is further in the futttre for the Lnited States than for 
Europe or England. But as it becotnes inon' and more obvious 
that the end of the supply of higher grade ores in the Lnited States 
IS not iudetinitely in the ftitnre. and may even be within a single 
lifetime, there is likely to be an incnaise in thi' timdcncy to eon- 
ser\'e tin- higlu'r grade ores, and esp<‘cially the Bessemer ores, and 
draw more largely on the lower grade su]:)plies. a tendency favored 
by the concentration of control in a few hands. This tendency 
has already become well defined, as .shown by the fact that pig-iron 
[production has m)t in recent years increased as rapidly as iron-ore 
production. It is not at all unlikely that even the next decade may 
see important changes in this direction. This will give value to 
properly located low-grade ores. It will ultiinatelv mean higher 
cost for iron, changes in the relatiw imjportance of [Processes for 
conversion of iron, [lossilde changes in the geographic distribution 
of different [phases of th(‘ inpii industry, and a modification of the 
relations of the Xorth American iron trade with that tpf the rest of 
the world. 

Professor Shaler concludes'' that when the higher grade deposits 
of the world have been exhausted, "the cost of [production will 

« Iiiteriiatieiial Quarterly. Vol. II. iao."i. pii. l!:!0-e4T. 
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giadually increase as the lower grade ores and those remote from 
coal come into use. In the end we shall have to resort to con- 
centrating processes, by which the iron ore is separated from the 
rock in which, it is disseminated as grains. This upward grade in 
cost means a downward grade in tlie utility of the metal in the 
service of man. Finally, it ma_v he some centuries from now. hut 
surely we shall be forced to an economy in the use of the metal 
such as was exerci.sed by folk two hundred years ago. when, save 
for what went down at sea, or rusted l)ack to earth, none of it was 
lost to the arts. In this stage, when it becomes again a precious 
metal, iron may continue to l)e the helper of man for an indefinite 
jieriod, but its power for help will be greatly diminished." 



THE GEOLOGY OF THE DIAMOXl) AXH CARBOXADO 
WASHINGS OF BAHIA. BRAZIL." 


By (>R\ii.Li; A. DhKiiV.* 
[Tr;insl;itp(l by .T. Bniiinei’. | 


A trip to the clianioiul \vaGhn<j:s of Brazil recently made by the 
writer afforded an op[)ortunity for obtaining a general idea of the 
geologic structure of the basin of Rio Paraguassu. which in its upper 
part includes the [)rincipal diamond region of the State of Bahia — the 
so-called " Cha[)ada Diamantina," or diamond plateau. 

The Paraguassu Rl\'or crosses four regions different from one 
another in their geologic make-up and in tlieir toj^ographic and eco- 
nomic features. The first of these regions includes the entire district 
about the headwaters of the river and its i>rincipal tributary, the 
Santo Antonio, and extends as far as the falls of Ihtssagem do 
Andarahy: the second extends from this point to the village of Bebe- 
douro. abotit 70 kilonuUers by the wagon road below Passagem and 
:20 kilometers above the terminal station on the railwat’ at Bandeira 
de Mello; the third extends fi-om Bebedouro to the city of Warago- 
gipe. with a width of about hOO kilometers: and the fourth from the 

" KeprinteU, by iierniissioii. fi-oin Fcoiioniie Ceology, Vol. I, Xo. 2. X'ovenibei-- 
Deceiiiber, liMi.b. Ecdiiuaiic Geolotry Bul)lislunf; Coiiuiauy. Lancaster. l‘a. 

1 1’rof. O. A. Derby, fur many years State f;<>i)l()gist of Sao I’aulo, Brazil, was 
lately employed by tlie State of Bahia to re|iort upon the tteolngy of the part of 
the State from which the carbonados are derhed. The present paper is trans- 
lated from the report made to the jtovernor and published in the Portneuese 
laiijruaite in the Diario da Bahia of .Tnne t and .tnne :i. UHVi. It is the most 
important paiier thus far published upon the i;eolot;y of the carbonados. It does 
not deal with the origin of the diamonds and carbonados, for the deposits men- 
tioned are clearly secondary, but the .ueolo^le structure of the recion is of the 
greatest economic iiniiortauce in connection with pirospective ndnimr. Other 
papers by Mr. Derby upon diamonds are as follows : 

1. Geology of the diamond.” .\m. .Jour. Sci.. XXIII, 07-99, 1882. 

2. " Modes of occurrence of the diamond in Brazil." Am. .Jour. Sci., XXIV, 
;!-l-42. 1,882. 

"The genesis of the diamond," Science. IX, .jT-oS. 1887. 

4. " Brazilian evidence on the genesis of the diamond," .Tour. Geol.. VI. 121- 
14(1. Chicago. 1898. 
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hitit-iiaiiied point to tlie mouth of the river, with a Avidth of only a 
feiv kilometers. 

The first region is composed essentially of hoavt’ beds of hard yel- 
loAvish sandstone Avhich often pass into a conglomerate. These beds, 
of which the thickness is estimated at more than .500 meters, are pro- 
foundly disturbed, l)eing thrown into folds that may be compared to 
tlie waves of the sea, and are also cut by faults ivith the uplift sides 
forming enormous steep-faced cliffs. It is therefore essentially a 
mountainous region of the Appalachian type. 

The general elevation of the region is about 1.000 meters: some 
peaks and ranges rise from 200 to aOO meters above this level, Aidiile 
the deeper valleys an' cut some TOO meters beloAV it. 

On account of the hardness of the rocks and of the disturbances 
(folds and faults) they haA’e undergone the topography is extremely 
rough and the vegetation sparse, many of the ranges being almost 
bare of soil and consequently of jdant life. Here and there are small 
areas of gentler topograi)hic outlines Avhere the decomposition of the 
rocks has furnished a thick soil, and these places are generally cov- 
ered Avith a scrubby A’egetation or Avith forests. On account of the 
sandy nature of the underlying rocks the soil of the region is gener- 
ally Aveak and is better adapted to cattle gnizing than to agriculture. 
As for mineral resources, the only ones thus far utilized are diamonds 
and carbonados, and the geologic structure atfonls but little hope of 
the existence of other minerals, except perhaps AAdiere some older 
series of rocks may hapiien to crop out. 

The second region is made up partly of beds of yelloAA'ish sandstone 
rather similar in apjjoarance to tho>e of the first region, but for the 
most part softer, more clayey, and containing interbedded strata of 
limestone some tens of meters in thickness. 

The thickness of this series seems to be from 200 to 300 meters, and 
the beds are approximately horizontal, though there have probably 
been some vertical displacements by means of faults. 

On account of its geologic constitution the region is relatiA'oly flat 
and has a general elevation of from 500 to 000 meters. It is cut, how- 
ever, bv the valleys of the Paraguassu ami its tributary, the riA’er 
Pna. Avhich are some 200 and more meters beloAV the general It'vel. 

The decomposition of the rocks is much more pronounced in this 
than in the first region, so that it is only on the steejjest slopes that 
the character of the underlying rocks can be seen. 

The limestone Avhen concealed, as it generally is. often discloses its 
presence bv the flinty segregations AA'hich clutter the roadAvays at 
places where theA’ haAe been .set free by the decomposition of the 
inclosing rock. 

The soil cap OA’er the region is generally quite thick, and supports 
forests Avhich at many jilaces are dense. Where the limestone conies 
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to the surface the soil is of a dark red color and of a tallowy con- 
sistency. This soil is preferred by the few planters of the region in 
Shiite of its being deficient in running water, which, as is usual in 
limestone regions, sinks through the fractures and caverns that 
abound in the rock. 

The falls of the Paragua.s.su Eiver, formed by the rocks of this 
region, yield diamonds and carbonados which are obtained by diving, 
but it is uncertain Avhether these stones are derived from the rocks 
belonging to this i-egion or are brought down from the region above. 

Xothing is known of any other minerals of economic importance 
with the exception of the limestone which has been used at many 
jilaces for the making of lime. 

It seems that the sandstone and limestone formation, which char- 
acterizes a zone of some tens of kilometers in width along the eastern 
base of the Serra das Lavras, extends towai’d tlie north and makes 
up a large part of the so-called Alatto do IT-obo and also toward the 
south in the limo.stone region of llrejo (Irande. From an agricultural 
point of view this zone is probably the most promising of the central 
interior of the State of Bahia. 

The third region is made up of gneissic rocks abundantly cut by 
plutonic erujitions apparently of the granitic type. Its lowest por- 
tions are between gOd and 300 meters above sea lei'el. In view of its 
geologic constitution the extent of the relatively horizontal surface 
features along the river and railway is rather striking. Abo\-e the 
comparatively low and flat base rise hills and peaks lo uit elevation 
of SOO meters and more. The low jiarts along the railway are cov- 
ered with characteristic vegetation called " salinga," but it seems 
that the more elevated portions are covered by forests and have the 
reputation of being fertile. The rapid passage of the writer through 
this zone upon the railway did not permit observations upon its 
agricultural caiiabilities or mineral resources, but at si'veral places 
it was possible to note that the soil is thin even in fiat places where a 
greater thickness ivas to have been expected, and that many of the 
granite hills were almost completely barren of legetation. So far 
as can be judged from its geologic constitution it is to be expected 
that there are in places deposits of manganese, iron, graphite, and 
perhaps other minerals of economic value. 

The fourth region is made up of beds of the soft sandstone of 
Cretaceous and Tertiary ages that characterize the Eeconcax o regions 
of Bahia and oft'ers but little of interest in the present studv. 

The diamonds (including in this term the carbonados which rarely 
if ever fail to accomjiany the true diamonds in the Bahia Chapada) 
are especially characteristic of the first region, while their sporadic 
occurrence in the second and third regions may plausibly be attrib- 
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uted to ancient or recent transportation from the first. In all the 
localities examined (Santa Isabel. Chique-Chiqne, Andarahy. Len- 
coes. and Palmeiras) their occurrence is intimately associated with 
a thick bed of conglomerate, which is near the middle of the sand- 
stone formation abore described. This conglomerate represents a 
deposit of pebbles formed at a remote geologic epoch in the same 
way that pebbles are formed at the present time, and the same as the 
incoherent conglomerates not yet turned into hard rock, in which the 
miners look for diamonds. At many places it is evident that a por- 
tion of the gravels worked by the miners is simply the conglomerate! 
decomjiosed in situ without having undergone am' recent transporta- 
tion or rearrangement. 

There is thus repeated in this i-egion the phenomenon already 
observed in the State of Minas Geraes. where there are several impor- 
tant washings in decomposed conglomerate and where, as in Grao 
Mogol. diamonds have been found embedded in the hard conglom- 
erate. 

The recent and unconsolidated gravels naturally contain a mixture 
of the elementary materials derived from all the rocks observed in the 
neighborhood, but where they are richest it is evident that the greatei- 
part of these materials come from the conglomerate or " jtedra cra- 
vada," as the miners call it, which seldom fails to outcroj) in imme- 
diate contact or in close proximity to the most productive washings. 
It is thus evident that the great, if not the only repository of dia- 
monds in the region, is the conglomerate or gravel fossilized and 
interbedded with the great sandstone series that characterizes the 
Serra das Lavras. 

The heaviest bed of conglomerate exposes an average thickno'-s of 
from 6 to 10 meters, but it contains at many places thin beds of line- 
grained sandstone. As has been said, its position is near the middle 
of the great sandstone series, so that, in general terms, there are about 
meters of sandstone above it and as much more below it. There 
are many waterworn pebbles scattered through the sandstone that 
overlies the conglomerate, as well as thin intercalated beds of genuine 
conglomerate, and these features give a conglomeratic character to all 
of the formation from the middle upward. It is not. however, char- 
acteristic of the lower sandstone, and. together Avith other circum- 
stances. leads to the belief that a geologic division should be made at 
the base of the conglomerate and that the lower beds belong to an 
independent and older division than that above. It is also a striking- 
fact that many of the pebbles and rolled blocks embedded in the con- 
glomerate are identical Avith the rocks of the underlying beds. 

The conglomerate offers a greater resi.^tance to atmospheric influ- 
ence than the beds associated Avith it, and for this reason it produces 
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most of the escarpments and makes the topography extremely rough 
and picturescpie. 

The sandstone beds above the conglomerate are especially subject 
to weathering and are at many places trenclied by valleys, in whose 
walls are exposed large surfaces of naked conglomerate. Thus along 
almost all the eastern base of the mountains in the region between 
Santa Isabel and Leiicoes, over a distance of more than GO kilometers, 
the congioiiierate covers almost the entire slojie of the mountain, like 
tiles on a slanting roof, and plunges vith a dip of from 20° to 30° 
toAvard the east into the bottom of the valleys of the Piabas, Chiqtte- 
Chique. Andarahy, and .San Jose rivers that skirt the mountains 
through this region, v liile the oppor-ite sides of the valleys are formed 
principally by beds of the upper ^ambtone. 

On account of the folding of the series the beds are several times 
reiieated along a line normal to the general orientation of the moun- 
tain range, ivhich is north-south. These folds may be easily recog- 
nized by the conglomerate outcrops which on an east-west line are 
exposed at various places dipping now toward the east and now 
toward the ivest. Thus, for example, in the section mentioned between 
Santa Isabel and Lencoes the dip of the conglomerate i* always 
toAvard the east, and it forms the entire eastern slope of the range, 
but on passing over the crest of the ridge it reappears Avith a Avestern 
dip after an interval in which a great thickness of the beds of the 
loAver sandstone is expose'd. 

•Vfter another lireak occupied by the beds of the upper sandstone 
(the conglomerate having passed beneath it) the same rock appears 
again in the vicinity of Palmares. Avhen the diamond Avashings like- 
Avise reappear. 

Judging from informaticAU gathered from others, the same thing 
haiipciis Avith tin* ranges and Avashings of C’hapada Velha. Santo 
Ignacio, and othei’s that form a chain of diamond-bearing ridges 
extending to near the llio Sao Francisco. 

If it is true that the conglomerate, or ancient graA’el, is the great 
rejiository of diamonds and carbonados in the LaA’ras region, it fol- 
loAvs that the stock of these minerals still in existence must be 
enormous. The points of easiest attack thus far Avorked are insignifi- 
cant in comparison Avith the masses of materials containing the 
precious stones still untouched. 

It is evident. hoAvet'er. that only a relatively small part of this 
mass can lie Avorked Avith profit liy the processes now in use. It 
remains to be ascertained Avhether modern technology, by using the 
hydraulic power so abundant and so favorably situated in the region, 
affords a method of operation less expensiAe than the A'alue of the 
products. 
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This question is one to be solved by the mining engineer rather 
than by the geologist, but it ^eems to the writer that the probabilities 
of a favorable solution are strong enough to justify serious studies 
and experiments. 

Outside of the region of the Serra das Lavras, properly speaking, 
whieh ends on the east in the escarpment covered by the congionierate 
extending from Lencoes in the direction of Santa Isabel, the diamond 
washings tui land become rarer or are altogether wanting. At a few 
points, howei'er, where the bed of Rio Paraguassu and some other 
])lac('s have been worked by diving, the locations are so far from 
the Serra that it is difficidt to believe that the diamonds have been 
brought from theiv. The mo^t important of these points is the falls 
of Fiinil near llebedoiiro and eon''e(juently on the eastern margin 
of the region of sandstone and limestone above described. This 
fall is f(n’med by a heavy bed of conglomerate (juite like that of the 
diamond region, hut which, it seems, must belong to another geologic 
horizon superior to that of the Serra. Its cobblc'-tones are 2>rinci- 
jtally of granitic rocks and the conglomerate rests directly iqton rocks 
of this kind. It seems 2>robable that the diamond' found at this 
place come from the local conglomerate or from some of the rocks 
associated with it. luit ution this jtoint nothing could be conclusively 
determined. 

As the geologic series of this second zone is more recent than that 
of the Serra and hence ])resnmably formed in jiart of materials 
derived from it. there is a strong presumtition that it is also here and 
there diamond-bearing. The " formation " or concentrated wa'hings 
of tlie.'C gravels taken from below the falls at Funil art' quite ditferent 
from those of Lavras in the greater abundance of granitic elements, 
jtresumaldy owing to the fact that streams How in above from 
granitic and gneis'ic regions. 

As to the geologic horizon to which the two (or three) series of 
rocks above indicated shoidd be referred, nothing decisive was 
ohserved. Search for fu"i!s that might have thrown light on this 
question was fruitless. For variotis reasons that will not be men- 
tioned here, the writer jmlge' them to be ohku' than the 'econdary 
rocks to which are referred the diamond dejjo'its of South Africa 
and those of the region of Bagagem, in IMina' Geraes, and that they 
will eventually be found to belong to the middle or upjter jtart of the 
Paleozoic. 

The diamond region of Salobro. in the municipality of Canna- 
vieiras. is especially interesting, for it ditfers notably from the 
other diamond-bearing regions of Brazil on account of its prox- 
imity to the sea (about bO kilometers) and on account of the absence 
of marked topograjihic relief that is generally associated with the 
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occurrence of the diamond. The region is moderately hilly, with 
an elevation of a little more than a hundred meters, while the 
highest serras to be seen on the horizon have no apparent relation 
with the occurrence of diamond.s in Eio Salobro. The entire region 
IS covered hy a thick soil that supports heavy forests, which conceal 
the rocks and I'eiider geologic observations difficult. 

On the banks and at the falls of Eio Pardo, hardly G kilometers 
from the Salobro washings, it was ascertained that the underlying 
rocks of the region consist of a series of Ijeds of sandstone and 
argillaceous shales, with a heavy bed of conglomerate made up of 
rolle<l Iffocks of different kinds of granitic and gneissic rocks. This 
series iijipears to have a thickness of several hundred meters and 
has a strong eastward dip. 

Tn the beds of Eio .Salobro and of its small tributaries this con- 
glomerate is exposed at several places, and the wasliings thus fat- 
opened are all in the immediate vicinity of its outcrops. In order 
to verify the hypotlu-sis of the conglomerate origin of the diamonds. 
Mr. Pedro H(>nazet kindly had washed separately aliout 1} cubic 
meters of decomposed conglomerate, selected by the writer for the 
luiriios(>. The residt was a diamonel weighing 3 grains. It thus 
seems to be beyond doubt that here in the littoral zone, as well as at 
Lavras, the diamond is directly associated with the conglomerate, 
which thus furnishes for jirospecting a valuable guide, easily found 
and recognized. 

It is evident that a formation as thick as that exposed on the 
rivers Pardo and .Salobro mii.st have a wide distribution in this zone, 
and there is a strong ])rol)ability that at many, if not at all. points 
where it crops out. it contains diamonds as it dues on the Salobro. 
Furthermore, this last district still affords a very large field for 
mining operations. 
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THE ERUPTION OF VESUVIUS IN APRIL. 


By A. Lalroix. 
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I. Eri't SKIN (IF L,\V.\ .\N1) Exl*l.().s|\ K PlIKXdVIEXA. 

liFXER.VL TYPES OF VUECAXIC Flltt PITON.S. 

A preliminarv stateniont is iK'cps'Ui'v ptmardiiii.'’ the ilitl'ereiit types 
of voleanif erti])tioiis. 

The elientieal eoiiiposition of ti niaoTiia i.s lielievecl to he a more or 
less (loniinaiit factor in the d viiaiiiics of ernjitions: violtmt tcxplosions. 

“Translation, in abstract, by iienuissioii of author and luihlisher, of article 
in Revue genOrale ties Sciences, Paris. October 30, 1900, pp. SSl-809 : Xovember 
15, 1906, pp. 023-936. 
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for example, being’ coinidered characteristic accompaniments of erup- 
tions of acid magna. At Mont Pclee, hoivever. the same magma 
sufficiently acid to form rocks rich in (juartz. although not changing- 
in composition with time, has been emitted as very liquid flows of 
considerable length, as masses of viscous lava accumulated around 
the orifice and accompanied with violent explosions, and finally as 
piimiceous material resulting from eruptions entirely explosive. 
The fact must be. emphasized, tlierefore, that the form of eruption 
is determined not only t)y the chemical composition of the magma, 
but also by its physical condition, and by its fluidity or viscosity at the 
moment of eruption. 

It is doubtless true, that, as the fusibility of a magma bears a rela- 
tion to the chemical composition, a very basic magma tends to reach 
the surface in a more fluid condition than a very acid magma, but 
there are many conditions — velocity of emission, mass of material 
emitted, temperature, and abundance of volatile products, notably 
water vaiior — which can modify the fundamental tendency and cause 
a volcano with very fusible lava to behave as a volcano with viscous 
lava, or vic(> versa. Fornu'r eruptions of Vesuvius, as Avell as that of 
lOOtj. furnish numerous arguments in sup])ort of this proposition. 

The most fluid magma known is the basaltic lava of Kilauea and 
Mauna Loa. It is a thin, opaque lii[uid (A great fluidity. The 
emission is accom])anied l)y no violent explosions, and only by light 
vapors. This type has been called the Ilairaittni type. 

The fluidity of the basaltic magma of Stromboli is still great at 
the moment of eruption, although less than in the preceding case. 
The discharge of gases causes \’iolent explosions, which throw into 
space fragiiumts of the doughy magma, some of wliich fall uj)on the 
edges of the ci’ater to flatten there, wliile other jiortions sha2)e them- 
seh’es in tile air and fall as seoj-ia, either in blocks or in fine dust. 
Koek fraguK'uts, already consolidated, caught in the magma, form 
elongated bomb~. d’he ejectefl material shows its incandescence even 
in daylight, and at night forms admirable fireworks. M ater vapor 
is often hardly apparent : when it is A'isible, it forms Avhite thin 
clouds. This type of explosion I designate with Mercalli the Stro)n- 
holhtu type. 

An altogether difl’errat type Avas realized in l!S8S-89 at Vulcano 
for which .Mercalli has jiropo.-ed the name V ulrn nkm . It is produced 
Avhen at the moment of explosion the magma is very viscous or Avholly 
coiisolidateil : in tin* first casiu the bombs liaA'e the bread-crust struc- 
ture with a pumiceous center and a glassy exterior; in the second 
ca~e. (hev are formed of aimular blocks Avhich on coolin«’ become 
lis'ured by coutraction. The clouds a<-companving the Y uhanian 
explosions are very dense, opaque, gray or black. Avith outlines ex- 
tremely well defined, and lightning is frequent among them. The 
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solid matter transported by them, whatever its dimensions, is formed 
of fragments or dust of rock entirely consolidated. Perfect examples 
of Vnlcanian clouds have been furnished by Vulcano (trachitic), 
Mount Peliie (andesitic), and by the recent eruption (April, 1906) 
of Vesuvius (leucitic). 

This idea of Strombolian and Vnlcanian explosions, although not 
formulated till the past few years, has been long recognized. Fouque 
at the time of the eruption of Etna, in 1865, noted that some craters 
gave forth li([uid lava with almost colorless vapors, whereas others 
ejected oidy solid materials and a thick mixture of water vapor and 
dust. 

It is necessaiy, finally, to consider a variety of the Vnlcanian tjqie, 
which I will call PeJceau. It dilfers essentially in that the jiropor- 
tion of solid materials carried away liy the cloud is much greater, 
so that, instead of ascending vertically, as in the preceding case, it 
descends upon the flank of the volcano and Hows or rolls upon the 
surface of the ground with accelerated velocity. Sometimes, as in 
the eruption of St. Vincent (1902) and the .small eruptions of Mont 
Pelee, its motion is essentially the re.sult of gravity alone; at other 
times, as in the great paroxysms of Mont Pelee, the cloud has been 
directed by an initial thrust and l)y gravity working in the same 
direction. A Poleean cloud is also animated by an ascensional move- 
ment due to the expansion of water vapor, but this is of secondary 
origin, and its direction is not the same as that of the initial thrust, 
rile cloud ascends vertically as it rolls downward upon the surface of 
the slope. 

I employ the term Peleean cloud as more general than that of 
burning cloud (nuee ardente), because similar clouds are conceivable 
at temperatures inferior to that characterizing the erujitions of the 
Antilles, although the high temperature undoubtedly plays an im- 
portant part in the mechanism of the cloud and in the stability of 
the emulsion of solid material in the water vapor that characterizes it. 

The different types of explosions form a continuous .series. Fur- 
ther divisions are unneces.sary. intermediate types being referred to 
as mi.xed explosions. 

.SEQUENCE or PHEXOMEX.V OF THE ERUPTION. 

The recent eruption of Vesuvius (April. 190C))had lieen a long time 
in preparation. In April. P.'O.'i, the explosive activiti’ of the volcano 
increa.^ed. At the bottom of the crater, at a depth of 80 meters, a 
small cone was found, which, by successive Strombolian explosions, 
had grown by the middle of May to a height of l.“i meters above the 
edges of the old crater. 


SM luou- 
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From May 25 to ^lav 27 the Stroiiiboliaii explosions increased in 
intensity. Violent detonations were heard, and during the evening 
of the 2Ttli a fisMire ()[)ened upon the northwest Hank of the great 
cone at an elevation of 1.2d5 meters, i!])on the site of the fumaroles 
dating from the ern[)tions of August 26. IDOo. Some hours later a 
new fissure opened at l.lSO lueter-. altitude, and for nearly a month 
lava poured simultaneously from these two openings — an exceittional 
fact for Vesuvius, because an oriiici' in activity generally ceases as 
soon as another ojietis at a lower level. This outpouring of lava, 
however, with acconpianying ex|)losive jjhenoinena. continued with 
maxima and minima of activity till A]U'il. 1906. 

The 6d of April. lOOi;. heavy (.letouations were heard; on the dtli. 
at 5.60 a. m., earth inovenumts were felt; then, while the fissure on 
the northwest Hank was still active, a new one openeel upon the south 
Hank at an altitude of about 1.200 meters, and a small How issued 
which ceased at evening. The activity of the Hssure on the northwest 
Hank had diminished, and ceased on the next day. 

During the monung of the 4th. and till midday, the crater was 
the scene of ex[)losions at first Strombolian and later ^'uh•anian. 
These hut destroyed the small interior cone and c’onnncnced the 
destruction of the edges of the great com*. The dust formed by these 
explosions was transported to Naples iluring the night. .Vnother 
opening formed on the south Hank at an altitude of about SOO meters, 
and the How which issued therefrom traveled 2.5 kilometers with 
a speed of 100 meters per hour. 

Oil .Vpril 6. about .s a. m.. tvhea all the other oiienings were inactive, 
a new one was formed on the southeast Hank near (Vgnoli. at an 
elevation of about (iOO meters, from which a How issued with a width 
of 600 to 400 meti'i's. A branch of this How came to a [mint aliout 1 
kilometer from Do'cotrecase, traversing tl.soo meters in about thirty- 
two hours. This opi-ning. and another on tin* 7th. furnished much 
of the lava that caused devastation in the [ilain. At the same time a 
new ojiening farther east was foruu'd at an elevation of about 750 
meters, furnishing a How which s[)read over older lava fields. The 
How issuing near Voguoli. already referred to. advanced through 
inhabited region', and on April S. at 4 p. m.. stn[)[)ed within a few 
meters of the cemetei-y of 'I’orre .Vnnunziata. .Vll the inhabitants 
of the country traversed by it, with the excejition of three, were able 
to save theiii'clves. 'flii' great How is 5.5 kilometers lonu and has 
an ai'eragt* width of :>(Hl meters. A minor How followed later during 
the night of Ajuil 10 from tlu* same opening. 

The lava Hoavs i'siu'd for the most [lart in the region south (d‘ the 
cone from fis'Ures o[x“ned successively lower on the Hanks. 

The outjmuring cd’ lava formed only a ]iart (d‘ the activity. Dur- 
ing the evening of the 7th violent dc'tonations were heard at Naples. 
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TliP Sti'()ml)()liaii [)lia.se increased in intensity from S to 10.4.") p. m. 
The incandescent material ivas elevated 2 kilometers above the crater. 
The outbursts succeeded each other so quickly that they seemed con- 
tinuous and resembled fountains of fire. Accordine- to Mercalli. 
the summit of the mountain was covered with a continuous bed of 
incandescent material, from which blocks were constantly rolling' to 
lower levels. 

-Vt 10.4.") ]). 111., at the moment wIkui the opening of ('ognoli became 
most active, the crater seemed to calm itself for some minutes and 
then "-uddmily its activity became more furious than ever. At 12.41 
a. m.. and then at 2.40 a. m.. great detonations were heard and earth- 
(iuakes were experienced throughout the Vesuvian region. This was 
tlie maximum stage of the eruption, when the explosions passed 
from the Strombolian jiliase to the Vulc.inian. The material ejected 
became less incandescent and finally was comjiletidy dark. 

At this moment an enormous (jiiantily of lapilli, mixed with 
blocks, was thrown northeast toward Ottajano. This fall of lapilli 
caus(>d most of tli(‘ fatalities of the eruption and destroyed mttch 
ju'opiu'ty. 

4'lie explosive maximum apiiarently i-oincided -with the I'tl'usive 
maximum. 

Till' ejection of lapilli lasted only a few hours, but at the same time 
and during the t>ntir(‘ day of the t<th and the following days there 
were successive violent 'N'ulcanian explosions, casting their solid 
luatiu'ials itpon the cone. The thick clouds of material brought dark- 
i.ess upon the flanks of the volcano, and tlie condensation of water 
vapor caused floods of mud. 

These Vulcanian ejections, at first continuous and violent, gradu- 
ally diminished in intensity and took jilace at rarer intervals, until 
about the middle of IMay. when they ceased. 

During some days succeeding the |)aroxysm of tlie 8th the slojies 
were constantly enveloped in a thick cloud of dust. When it cleared 
aivay the form of the summit was seen to Inne been jirofoundly 
altered by the truncation of the cone, accompanied bv a widening 
and deepening of the crater. This was the source of the (mormons 
amount of material thi'own out by the Vidcanian explosions. 

The p(u'iod of activity has b(‘en further characterized by the pro- 
duction of dry avalanches, by earth movements, and by intense elec- 
ti'ic phenomena, and it has bi'cii followed by torrents of mud and by 
exhalations. 

The principal phenomena will now be considered in greater detail. 

EFFl SION OF l.AVA. 

The flows of ba sic magma presemf an entirely different a'pi'ct. 
a_( cording to the tenqieratnre and velocity with which they are emit- 
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t(:^d. Two tyjies are common. Great streams that have spread out 
rajiidly at a high temperature, and consecjuently in a condition of 
great fluidity, have a surface broken by very angular scoriaceoiis 
blocks. IVhen. on the contrary, the magma flows slowly, its surface 
stretches or wrinkles, and finally breaks in places, allowing the mol- 
ten material to exude. These lai’as have a more or less even surface. 
Their progress is silent, whereas the others advance with a charac- 
teristic noise produced bv collisions of the blocks. 

The great flows of 1!)0(> belong essentially to the first type. When 
1 visited Boscotrecase, six days after the eruption, there were no 
observations 2 iu;^^ible uiion tbe progress of the lava. It was still 
incandescent in places, however, and till April 24 it was jiossible to 
find cavities at the bottom of which glowed red-hot lava. 

My observations of 190.> have been mo.-^t valuable in jiermitting a 
better comjirehension of the details observable in the lava field of 
Boscotrecase. In the evening of October 3. 1900, guided by Mat- 
teucci. I climlied to a iioint where lava was issuing from a tunnel a 
short distance below the fissure. The ofiening was hardly more than 
a square meter in diameter. The incandescent magma flowed rap- 
idly. with a velocity of (> meters a minute. It formed a straight 
torrent upon the stef'p slope of the cone. For the first d.t meters the 
surface was stretched in the direction of the flow. The fluidity was 
such that the lava was easily itierced by a stick, but great blocks of 
rock thrown upon this moving mass did not siidc into it. They simitly 
became fastened to the surface, firmly enough to maintain their jmsi- 
tion on the steep slojic as they were carried away by the current. 
Beyond the first 25 meters solidified fragments began to ajipear on 
the surface, especially along the edges, where they formed a moraine. 
This increased rajiidly in thickness and encroached upon the central 
part of the stream, which, at 100 meters from the source, was entirely 
covered with incandescent fragments. 

The lava flowed continuously, without disturbance or effort, but 
at one moment we saw coming from the mouth of the ojiening a 
great fragment which emerged half way and then, caught by the cur- 
rent. plunged afresh into the moving magma, leaving behind it a 
swelling, which soon lost its circular shape by merging into the 
longitudinally striated surface of the »urrounding lava. This block 
formed a large inclusion or jiseudo-bomb. 

At the base the flow became a fiery lake. It was an insjiiring 
S 2 iecta(de. From the incandescent torrent and the Strombolian ejec- 
tions sheaves of a vivid red vaulted far above u^. illuminating the 

darkne-s of the niffht. while at our feet in the distance Mowed like 
'' ^ 

small white stars the electric lights of Xaples. 

The surface of another flow studied by me. from a jiosition as 
iK'ar as the radiation of heat would 2 )ermit. ('xhibited a constant 
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decrepitation of scoriaceous matter both eoai-'e and line. The aeein 
ninlation of this material at the front of the flow is analogous to 
similar material upon the basaltic flows of Auvergne and might 
easily b(> taken for ])roducts of vertical ejections. 

The lava fields of IDOi; at Boscotrecase are roughened with scoria- 
ceous l)locks presenting strange foi'ins. The surface is broken in 
places by higher asjierities due to the escape of gas or by great slabs 
of lava broken by contraction and overturned by the continuous 
progress of the subjacent lava, and there are also fissuiX's more or less 
profound. Among the surface blocks abound globular masses with 
compact crust and scoriaceous interior which have often been de- 
sci'ibed as bombs, whereas they are fragments of old lavas caught up 
by the stream in the manner of the block above described. 

The lavas of April G to S from the lissnres of Cognoli followed the 
line of greatest slojie. They filled ravines and minor depressions 
and formed, where the toj)ogi‘aphy jiermitted. small secondary cur- 
rents which in places reunited, leaving between them small oases 
of verdure. Aear the source the current is very distinct and is bor- 
dered by black-covereil moraine'. Tlie (>dges and front of the flow 
near Boscotrecase are formed of talus, with a height locally of several 
meters, ending abruptly in the midst of vineyards or among the 
habitations of the people. 

The behavior of the lava in the cidtivated and inhabited regions 
has Ijeen varied. Bonds lined with wall-, at right angles to the 
greatest slope have been cttt and the l;iva has in jflaces gone some 
meters in the transi'er'C direction. When the rotite was parallel or 
only slightly oblique to the din'ction of the flow the lava has flowed 
between the walls, and some of the streets of Boscotrecase are blocked 
by a high wall of lava. The railway with its cuts and fills has fur- 
nished obAacles or sitecial facilities for the advance of the lava, 
some of the cuts having been completely filled. At some of the fills 
it has jjotired over the road and flowed in cascades down the farther 
slope. In one case the lava flowed ttnder a railwav bridge and 
sto]iped just in time to save it from serious damage. On cooline- in 
this railway cut it has formed a sort of highway with an even sttrface 
some decimeters aljove the field' <in either side. At 20i) meters from 
the front of this flow the railway reaches a level surface which has 
been traversed by another ramiiicalion of the same flow. The two 
rails at this jioitit have suffered a symmetrical deviation, dtte to 
expansion. Houses met various fates, according to their situation, 
some being destroyed. Others were invaded Ity the lava, whtch 
found an entrance through doors and windows facing the mouutaiti. 
The lava was sufficiently fluid to fill the chambers and courts and to 
mold itself there. It is hardly necessary to add that although the 
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lava was sufficiently cool after a few days to allow access to the 
houses, the chambers not filled with it had a suffocating temperature. 

The weak conductivity of the lava for heat explains why all com- 
Imstible objects were not immediately consnmed. but the carboniza- 
tion of the woodwork proceeded slowly, contributing to the vapoi’- 
emanating from the magma itself. The chimneys and the conduits 
of the gutters gave forth much smoke or currents of heated air. To 
this weak conductivity is due further the survival of trees hardly 
carbonized at the base, protected by a crust of lava that congealed 
rapidlv at their contact. Investigations may reveal interesting min- 
eralogical alterations in the houses that have been overwhelmed. In 
other instances deiitrification of glass and crystallization of silver, 
zinc, and cotiper and the formatioji of new minerals have been 
observed, and such alterations will have a special interest in this 
instance from the leucitic nature of the lava. 

All the particulars of the progress of the lava pre.sent a striking 
analogy to those of the thick Hows of mud. This is easily explained 
by the fact that in l)oth cases they are the result of fluidity of the 
mass in motion, due in the one case to temperature and in the other 
to the presence of w ater. 


r. X I * I ,os I V F, p I r E X o .\[ f.x a . 

STROMIloI.lA.N i.Xl'I.osIo.Ns. 

These present no sj)ecial point of interest except their intensity 
during the night of A[)ril 7. in the cotirse of which the etnptyitig of 
the crater by the great flow iirotiglit them to an end. They furnished 
bombs and vitreous scoritv. a part of which was tery light. The 
form and structure of the material attest the great ffitidity of tin' 
magma at the time of ejection. (In my aiaival thew‘ deposits -were 
i-ompletely covered by the material of the Vulcanian explosions. 

\ crcAXiAX rxi-LosioAs. 

These in all iV'pects form the chit'f interest of th(‘ eruption. I’heir 
characteristic traits have already been described. I'he enormous 
columns of clouds develo]K‘d to a height of several thousand meters 
above the crater. Dense, gray or black in color, seamed by lightning, 
accompanied by hea\y detonations, they were successfully thrust 
forth, the one into the othei-. like puffs from t'ach stroke of a steam 
engine under strong jiressure: later the ascension was less rapid; 
the columns rose majestically uj)w;ird. merging into one another: 
still htter they monnted slowlv. then for some minutt's remained 
stationarv ab()\e the crater till dispersed bv th>- 'wind. Avalanches 
of solid material <h'scended from their bast'. Itiit in no c.ise ilid thev 
become sufficiently dense to assume the Peleean form. Often in the 
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(lavs folloATing- the' chief paroxvMii we pas^-ed hours watching these 
clouds. Starting from the crater they remained motionless on its 
edges, affecting at times a slight descending motion, which, however, 
was never completed. It seemed that in these cases a slight increase 
ill density would have determined the formation of the Peleean 
clouds. 

The Vulcaniaii explosions have been not only one of the most 
imposing spectacles of nature, but have had far-reaching results. 
They have formed a deep caldera; they have accumulated upon its 
edges an enormous mass of solid material of all dimensions, at the 
exjieiise of which the dry avalanches have been formed: they have 
caused the disaster at Ottajaiio and Sail (liu'Cpjie. and finally have 
sent into space much line dust, which has covered the volcano with a 
thick bed. caused injury to agriculture throughout the i-egioii. and 
been transported liy th(‘ wind to gn-at distances from I'esuvius. 

Foriiidtidii of It ttilileni . — .Vt the Ix'ginuing of April a small cone 
had been con'-triicted in the old crater, ('xtending ■»('V('ral meters above 
its summit, with an altitude of I.;’.:!.") meters above 'ca level. The 
Vulcaniaii explosions of April 4 destroyed this small ephemeral 
cone and dismantled the summit of the old cone, d'lu' jiaroxysin of 
April 8 and the following explosions jiroduccd the jiri'sent crater. 
The oiieration was complex and embraced the following stages: First, 
the complete evacuation of the new magma, lilling the central canal 
by the Strombolian ejections and es|.)ecially by the formation of lat- 
eral flows: second, the shattering of the walls and enlargement: 
third, a sinking which carried with it the whole summit of the moun- 
tain; fourth, the ejection of the greatest jiart of the eruinbling 
material. 

One comprehends easily why the explosions were of the Vulcaniaii 
type. The interruption of free coiumuiiication with the exterior 
brought about such a condition that the exjilosions were made in a 
solid medium, like that of very viscous or extremely consolidated 
lava, though in this case the mass to b(> raiseil was not essentially 
new magma but old debris. The main features of the crater wt>ri' 
acipdred at the end of the night of .Vpril s. during the course 
of which the jirincipal sinking of tin' siiminit took placm but the 
Idilcaniaii exjilosions continued much longer and ended by throwing 
out of the new cavity the material that jiartially obstructi'd it. 

The section of the new crater is almost circular, with dimensions 
of C'dO by tl.lO meters. The depth appears to be at Ica-t ;!()() meters. 
The walls are almost vertical, except near the surface, where they 
form a steep talus, and near the bortoin, where they terndnate in a 
funnel, the bottom of which is partly hidden liy funiaroles. The 
crest is shattered, irregular, and sharp-ialged. The highest side is 
on the northwest: the lowest is a deep notch 77 meters lower on the 
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northeast. This cut has a bottom several meters ivide, which is very 
much shattered and which will 2 irobably fall into the crater. The 
minimum lowering of the mountain has been determined to be 103 
meters, but the dimensions frequently change, the crater enlarging 
at the exjDense of its edges. The vertical walls of the crater present 
admirable sections showing the alternation of beds of fragmental 
material, ash, and lava, traversed by vertical or oblique dikes that 
characterize the internal anatomy of the cone. 

The crater of lOOC is reniarkahly like that of 1822, but its dimen- 
sions are less. That also had a notch on one side which, like that of 
the present crater, was located in line with fissures. 

The wide and deej) crater thus formed is a true caldera, and the 
f)henoniena of its jiroduction have a strong bearing on the mode of 
formation of this kind of volcanic mechanism. It is the more in- 
structive in that the eriq)tion is not an e.xceittional one. Accotints 
of the eru 2 jtions of l(i31, 17(>1, 177'.), 183it. IS.IO, and 1872 show that 
the same jthenoiuena have been rejieated with greater or less in- 
tensity. They constitute the characteristic traits of a special tyjie of 
the great Vesuvian eruptions. 

The caldera of Vesuvius is comjiarable to that of tlie Soufriere <jf 
St. Vincent and to tlie crater of Mount Pelee previous to the eriqi- 
tion of 1!)02. The V-.shafied notch, which i>layed so fatal a rdle in 
the destruction of St. Pierre, is the ecpiivalent of that ojiened in the 
eriqition of Vesuvius. It is noteworthy to see this feature, caused by 
the existence of fissures traversing the cone, rejieat itself in differ- 
ent volcanoes. 

Dry ar(ilanchei <. — AVith the exception of the material that fell 
upon Ottajano and its surroundings, the products of eriqition other 
than the fine dust have been thrown Init a short distance. The sides 
of the crater have been covered several meters thick with a bed of 
blocks of all sizes iqi to several meters in diameter, minute fragments, 
and fine dust. The dry avalanches have been ])roduced either by 
direct ejection of material from the crater or by the loosening of 
material already accumulated on the sloiies, and the latter method 
has apjiarently been iiredominant. In the most active idiasc ava- 
lanches could be seen to detach themselves from the summit, but it 
was imjiossible to observe their jioint of departure. 

The avalanches roll along the surface, followed by a train of light 
dust, and are easily distinguishable from the dense, clear-cut Peleeau 
clouds, which expand vertically in the course of their downward 
{irogrcss. The mechanism of the avalanches is easily understood. 
The profile of the cone is irregular, the slope increasing at a short 
distance from the summit. It is at this lev(d that the loosening of 
material takes jjlace. either by a disturbance of e(iuilil)rium or In- 
earth movements caused by the exjilosions or by the shock of solid 
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materials ejected. Tlie material once started advances with accel- 
erated velocity. 

The slopes have Ijeen deeply furrowed by them, and in places the 
furrows or " barrancos " possess a great regularity of form, being 
equally sjiaced and separated by sharp-eelged talus ridges. They 
serve to explain similar forms of other volcanoes. 

The avalanches have built up breccias with a most chaotic struc- 
ture. identical not only witli those of the Antilles, but with trachitic 
and andesitic breccias of the central massif of PT-ance. The fur- 
rows have outlined the drainage, and the miul Hows have accented 
and modified their structure. The dry avalanches were not confined 
to this eruption, but have been noted by observers at many previous 
eruptions. 

Partial (Jcstructian of Oftajano ami San Giuneppc . — On the night 
of A])ril 7. at aliout Id. 30 a. in., a sliower of lapilli. accompanied by 
intense electrical phenomena, eominenced in the area northeast of 
the mountain. The fall increased and lasted until d a. m. Windows 
were broken, and the lapilli accumulated on the roofs until these 
were crushed, killing many who had been unable to fiee or those who. 
as at San Cfiusepjie. had taken refuge in a church. All the victims, 
about 200. lost their lives in this way. fi'he lapilli at the time of 
falling were cold. The quantity of material at Ottajano averaged 
7 meters deeji: in places it was thicker. The thickness diminished 
toward tlu' edges of the area and increased toward the mountain,. 
The fine dust tvhich followed the great paroxysm covered the lapilli 
with a uniform bed several e(uitimeters thick. 

The average dimensions of the projectiles ranged from those of a 
hazelnut to those of a walnut, and some jiieces were 15 to 20 centi- 
meters in diameter. They consisted of black or reddish scoria, rather 
light, but accompanied by angular fragments of denser rocks of 
various nature, including ancient lavas and metamorphie rocks. The 
mineralogical and chemical study of this material shows that, apart 
from a small amount of lapilli resting on the surface and due to the 
Strombolian ex[jh)'ions. the greatest part of the material has a differ- 
ent composition from that of the recent lava and is the prodtict of 
the Vulcanian ex])losions. which have caught up the ancient debris of 
the volcano. This conclusion conforms with the facts that they 
arrived cold and that the ejections changed their nature at midnight 
by becoming completely ihirk. 

The fall at Ottajano. .5 kilometers from the mountain, was greater 
than at the observati)rv. only about half that distance. The wind 
would be unable to transport coarse material to such a distance, and 
the direction of the ejection in.stead of being vertical must have heen 
more or less horizontal. The history of Vesuvius shows that eriqi- 
tioiib have taken place in greatly inclined or horizontal directions, 
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and the distrilnitioii of the material that huried Pomjieii indicates an 
eruption of this character. 

Fall of a.'^/i. — d’liis includes all fine products of ejection. In the 
Stroinliolian ejections these jirodiicts are portions of the neiv niaorina. 
thrown out in a more or less fluid condition. They are distorted 
drojis of glass or scoria of minute dimensions, broken and worn by 
friction. This type has played only a small part at the beginning 
of an erujjtion. and the deposits are covered by the products of the 
Vulcaiuan explosions, which are composed of fragments of solid 
rock, broken by the explo.^ions. and have a complex origin and com- 
position. The coarse, ash-like, fine sand which fell at Xaples in the 
night of April 4, was Ijlack. and was composed of minute fragments 
rich in glass, the result of the destruction of the small interior cone. 
It was therefore formed of the new magma thrown out by Strom- 
bolian explosion a short time before the main activity. But the fine 
dust of th(> following days resulted from the trituration of old prod- 
ucts of eruption and was formed in the process of emptying the 
crater by ^'uk•auian ex[)lo-.ions. This material, consisting at first of 
large blocks. hii)illi. and small fragmeids. became gradually finer 
through the rt'jteafed trituration received by falling back into the 
crater to Im' reejected. 

The rocks thus reduced to fine d\ist were of varical nature and had 
undergone metamorphism and decomposition, d'lie composition has 
not remained constant like that of the Strombolian ejections, being 
more like- that of the scoria of Ottajano than that of the new magma. 
The following analy-is of material collected at the edge of the crater 
illustrates this point; 
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The tine ash. througli iraiispoi-tation by ivind, undergoes a chi.Ssifi 
cation accoi’ding to size of grain and density. It ranges in color 
from grayish whiti’ to rose. I'he latter tint results from oxida- 
tion of the h'rruginous minerals, and can be produced after the fall. 
The same fact was noticeable' on Mont Telee. The ash, at first 
a ilazzling white, becanu' on the following day a reddish tint that 
deepened rapidly. Idle vliite color of the Ve'uvian a.sh. formed 
from dark rocks, is ex[ilained by the fineiu'ss of the particles. The 
shgx's covered by this vhite diist [ereseiit an aspect of snow fields. 
The surface of this mobile material was lii^t modeleel by the wind 
like sand dunes; then it begun to yield to gravity and absorbed 
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Plate XIII. 



Snowy Appearance of the Volcano. Fine Ash Blown 
INTO Shapes by the Wind. 



Fine Ash, Abraded by the Wind, Covering the Lava 
Flow of 1905-6 in the Vicinity of the Observa- 
tory. 
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moisture, and became immubile. and erosion expoMsl irreg-iilar 
lines of lamination. The action of light rains accompanying or 
immediately following the fall produced granulation. No granules 
were observed, however, as lai'ge as peas, such as are common in the 
,Vntilles and also in ash l)eds of I’ompeii. 'Fhe conditions most 
favorable to the production of this structure are iineness of grain and 
a succession of showers insufficient to soak the material. The first 
condition is illustrated at Pompeii, where the pisolites are found 
only in the upper and finest jiart of a bed. AVhen the precipitation 
is great at the time of an ash fall, a mud is produceil which can unite 
into small globules l)efore reaching the ground. 

The distribution of the ash lieing determined by the wiiul is ver\' 
irregular in the Vesuvian area. On the other hand, in the Tropics, 
where trade winds prevail, the dissymmetry of these deposits, with 
reference to their source, is a characteristic feature. The thickness 
of the deposit ranged from 3 centimeters at Xajtles to lit) centimeters 
at the base of the volcano, d'lu' portion that reached the higher 
regions of the atmosphere was transported far beyond the liounds of 
Italy. 

On the hanks of tlie lolcano. and particularly near tin- crater, the 
ash has contriliuted to th(“ formation of dust spouts, haring above and 
terminating at the surface in a narrow stem. d'lK'v laid a very rapid 
gyratory movement and a slow mov(>ment latm'ally. 

1 ht' hue asli which co\-ercd th(‘ vc'getation semned at hrst to destrov 
all things, but the buds of tin* vines being still closed the destruction 
Avas less than ivas e.xpected. and at the beginning cd’ May the country 
was again luxuriantly green, d'he hoating fauna in the Pay of 
Naples is reported to have suhered much by tin* eruption and also 
some of the animal life at the bottom of the bay. 

An observation was made — interesting to jialeontologists stiidving 
jiroblematic organisms — concerning animal trails. At the beginning 
of the erujjtion where the ash was light and uncom])acted numerous 
aod varied trails wcu'c to be seen made by lizards, small snakes, and 
coleoptera. .\t the end of the trails made bv the last-named, tlu' 
aidmal itself couhl often be found still living or entombed in the ash. 

II. Ft Xl-AliOI.ES AM) Pliont ( TS 01 Flit I'TIOX. 


Ft AIAIiOl.KS. 

Previous eruptions of Vesuvius hai'c ])layed an inpiortant jiart in 
the acquisition of dehnite knowledge regarding volcainc fumaroles. 

Fouctue has shown that the chenucal composition of a fumaroh> is 
essentially a function of its temperatun'. The fumaroles of higli 
temperature spring oidy from flowing lava and furnish white sid)li- 
mates of the alkaline chlorides, associated at times on Vesuvius wdth 
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copper oxide (tenorite). These fiimaroles arc neutral so far as they 
are really dry. When the temperature permits the appearance of 
ivater yapor, they become acid (hydrochloric acid, then sulphurous 
acid) : their sublimates are then colored yellow, red. or g-reen hy 
metallic chlorides and sulphates. Later come the fuinaroles with 
ammonium chloride; then those characterized by detio'^its of sulphur, 
with gaseous products rich in hydrogen sulphide: and last of all are 
the fuinaroles containing carhuretted hydrogen and carbonic acid. 

It is well understood that these divisions are somewhat arbitrarily 
established and that the products of one type are freipiently trans- 
formed by the gases of the type that follows. It has apjjarently 
been well established by Palmieri that at Vesuvius cuprous chloride 
of the acid fuinaroles results from the attack of the hydrochloric acid 
of the cooler type ipion the tenorite of the dry fuinaroles: that 
hematite once formed can be changed into ferrous chloride; that 
calcium suljihate. conimoii in the lower types, can form at the expense 
of the calcium chloride. 

Finally, beside the products of sublimation brought from a greater 
or less depth, are others resulting from the attack upon the walls of 
the fuinaroles by acid ^'apors. This is common in the fuinaroles with 
chlorides ami sulphates in which miiK'rals are formed at a tempera- 
ture below that demanded by the true sublimates. 

Lavas in contact with fuinaroles of high ttunperature are strikingly 
fresh, whereas the same rocks are |)rofoundly altered when exposed 
to the same vapors at a temperature low enough to permit the con- 
densation of water vapors. 

I'C-MAKOLtS or THE 

I was iinalile to observe the dry fuinaroles in action, but their 
trace was found at Boscotrecase as white, green, or yellowish con- 
cretions serving as a support for the crystallized ammonium chloride. 
Thew' concretions contained also a large proportion of the chlorides 
of potassium and sodium, in some cases with a little iron and alu- 
minum and traces of lead and copper. 

The true acid fuinaroles. rich in ferrous chloride, are only found 
toward the source of the Hows and, as I shall show farther on. they 
apparently mark the place from which the lava issued. This is 
generally true of Vesuvius except in the greate-t Hows. Hematite, 
also resulting from the reaction at a high tenpieratiire of water vapor 
upon ferrous chloride, is rarely found in the flows, but is common 
at their points of emergence and in the crater. 

The fuinaroles at a temperature below 100'- C.. with a weak acid 
reaction, are very abundant in the terminal portions of the flow of 
May S. They furnish magnificent geodes containing crystals of 
ammonium chloride, generally colorless, but in some cases with a 
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yellowish tint from friTous chloride or organic products. A notable 
fact is the presence of fluorine in the salniiin’. Only a small aiuuunt 
of water vapor came from the fumaroles, hut after (>ach shower 
abundant vapors of superficial origin were found. These fumaroles 
became less abundant toward the source, but were numerous in the 
region where the lava having left the ancient Hows covered the cul- 
tivated regions. Although a part of the ammonium chloride is of 
deep origin, it is probable that the slow cond)nstion of oi'ganic matter 
has ])laved some part in its production. The ndneral v. as found to 
form continuous crusts along the walls of houses in lloscotrecase 
buried by the lava, in which organic combustion ivas in progress. 
A few days after the lava stopped flowing, a road was laid out over 
the surface. The lava was still warm, and in places the ammonium 
chloride crystallized between the fragments which formed the road- 
bed. It was a strange spectacle to see the crowd of people traversing 
the steaming la\a. still incandescent some decimeters from the 
surface. 

Sublimations of sulphur occur in lindted (piantity at Boscotrecasc. 
It forms small orthorhond)ic octahedrons, or a melted glaze, at the 
orifi(.'e of the hydrogen sul])hide fumaroles. the temi)erature of 
which must ha\e been approximately 100^. and at the jiiost slightly 
above 113’ C. 


FT'MAROT.KS OK THK Fls.sriUS .\Nn OK TIIK CKATI R. 

At the origin of the flows that started from the fissures found 
at an altitude of (i0() meters there were crevasses of gi-eater oi' less 
depth, still very warm at the time of my observations. An acid 
water vapor was lieing given off. and the edges of the ti'siires were 
decorated Avith chlorides, notably ferrous chloride. These were evi- 
dently acid fumaroles of deep origin, d’he same is true of the more 
active fumaroles on the slopes below the notch of the crater, their 
teni])erature being mostly higher than 100°. The hydrochloric and 
sulphui-ous vajairs were siitfocating. the coating of chloride Avas 
much thicker than in the precCAliug case, and there Avas a delirpiescent 
mass of chlorides of iron, potassium, magnesium, calcium. (Tc. There 
Avere also crystals of realgar and of sulphur in the cooler parts. 

I examineAl many specimens collecteil in the vicinity of the cone 
111 July. There are several covered by small cubes of galena, some- 
times alone, sometimes resting upon pyrite, or supporting octahe- 
drons of magnetite and lamelhe of hematite. The cubes have often 
the hojiper form, like those created liy sublimation in metallurgical 
operations. It is the first time that lead sulphide has beim observed 
in a funiarole of Mount Vesuvius, and it Avas doubtless formed bv the 
reaction of hydrogen sulphide upon the chloride of lead, known 
for a long time in this volcano. 
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Although it ivsis not jjo^sihle to make observations upon the dry 
fumaroles of the crater. I have found in the Aulcanian breccias 
im])ortant material torn from the deep parts of the crater. A large 
block contains geodes of colorles.s and limpid or bluish and opales- 
cent potassium chloride (sylvite), cubes of which are often more 
than 2 centimeters in diameter. In some geodes the sylvite is cov- 
ered with crystals of sodium chloride. A. Scacchi has shown that 
the pure chloride of sodium is e.xti'omely rare on ^'esuvills, and that 
it is always accompanied by potassium chloride, which is generally 
2iredominant. I'j) to the j)i'esent time, howe\'er. these minerals have 
been found on ^'esuvius only as inci'Ustations. stalactites, and more 
rarely as small crystals. Never till now have crystals been obseiAed 
so coiipjarable in size and perfection to those of Stassfurth, which 
nere formed under entirely ditfereiit conditions. I'lie crystals of 
sodium chloride do not contain potash: the sylvite contains li.GC) 
pel' cent of sodium chloride, existing doubtless as an impurity, 
because (he index of refraction is exactly that for jmre sylvite. I 
have found also crystals of a new mineral, just described by John- 
ston Lavis — a chloride of potash and manganese with a little soda 
(chloromanganok'alite). d'luu'e is. further, a small amouni of mag- 
nesium and calcium chlorides and undetermined sul[dia(('s. d’he 
block imjiri'guated with these salts is a fresh vesicular leucotejihriti', 
and there is no doubt but that the chlorides were formed by subli- 
mation. A notable ([uantity of mangane.se chloride acconnianies 
alkaline I'hlorides. The great size of the crystals shows they were 
formed at a high temperature, free from disturbance. 

StCO.ND.kElY t L'.M.^KOl.Ks. 

These iirodiicts emitted l>y a lava (low are determined by the 
decreasing temperature of the magma in the course of cooling, and 
are constituents of the fluiil magma at the time of its ejection. 

If a limited ijortion of magma is violently exiielled instead of 
being ([uietly jjoured out. it cools (|uickly and loses at once all the 
volatile j)roducts which do not remain im])risoned. Under conditions 
of slow cooling, however, fragmental lava may behave like the con- 
tinuous rock (jf a liow. the nature' of the products of I'lnanation being 
limited onlv by tin' tem2)eraturt' at tlu' time of ('jection. Breccias 
accumulated in a shoi't time, like those of Mount Pelee. otfer the best 
conditions foi- the slow cooling of a nt'w magma transjeoi'ted to a 
distance. TIn'V ws're formed of coarse and tine matei'ial of jeoor 
conductivity for In'at. and contained some hlocks of high temperature. 
'Idle release of volatile jiroducts. slow ami tranquil when the cooling 
of the breccia was undisturbed, rapiil and violent when it was 
hastened by rain water, determinetl the iiroduction of fumaroles, first 
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Block Comtaining Large Crystals of Sylvite Ejected 

3Y A VULCANIAN EXPLOSION. 



Barrancos or Furrows of the Terminal Cone Serving 
AS Channels for the Rain Water. 
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scatterpfl generally over the surface and then localized at certain 
points. I designate these finnaroles. of .superficial origin, as sec- 
ondary fninaroles. 

The jjroduction of breccias in this eruption of Vesuvius, built up 
in the dry way. seemed to offer favorable conditions for their forma- 
tion. but in no case was the tenipei-ature sufficiently high to produce 
true secondary fumaroles. This resulted from their origin: they 
were not formed from the new magma, but from the debris of the 
crater, llie abuiulance of alkaline chlorides contained in the blocks 
of the breccia indicates that if the tem])erature had been favorable, 
products of .secondary fumaroles would have be^ i abundant. 

r XII M.ATIOXS. 

The end of the great eru])tions of W^uvius i^ generally signalized 
by the releasi' of much carbonic acid and other exhalations, which 
becouH' specially abundant in the lower parts of the mountain in 
(’aves. wells, and ([uarries. Tltese are sometimes of fatal etfect. and 
ordinarily are injurious to vi'getatiou. 'Fhey made their appearance 
at the end of the eruption, but not till I had left Italy. The itresence 
of asphyxiating gases during the eruption vas noted at the observa- 
tory. which at one time was invaded liy them. 

OTIIEl! IMIENOMKX.t. 

lAKTlI M<>\ K.MKNTS. 

Throughout the eruption violent earth movements shook the cone, 
and were felt at times through much of the Vesuvian region. They 
were particularly violent during the night of Ajiril 7, the seismolog- 
ical instruments at the observatory being greatly agitated throughout 
this period. These moveuamts decrea.sed gradually toward the end 
of April and it is very iirobable. as in the ca.se of i\Iont Pelee. that 
vibrations of the atmosphere caused liy tin* great explosions have 
jilayed sonie part in the destruction of buildings. The observations 
of Baratta and Mercalli show that a temporary elevation of the coast 
was produced between Portici and Vico Eiiuense. 

I.I.ECl KI( rilK.XOMF.XA. 

The columns of vapor and solid material ejected by the Vulcanian 
exjdosions produci'd electric jihenoimma of great intensity. Thev 
began on April -1. and were especially developed in the night of April 
S. but decreased gradually from that time, though theA' Avere notable 
U]) to the 18th. G. di I’aola describes the splendid sight Avhich theA' 
presented. The enormous columns, rising from the crater Avith a 
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ileafeiiinK' sound, ivert* a iietivork of inccs.'-ant lightnings, some 
siraight. some zigzag, and some in the form of tnunendous arcs pro- 
longed from the summit of Monte Soinina to that of \ esuvius. The 
observations of Paola confirm those of Palmieri. The electric 
potential of the ash that falls is always negative, whereas that of tlie 
water vapor on the way to coiidemsation, which rises, is positive. 
The jiroduction of lightning in the vapor emitted from the crater 
implies a rapid ascent ; that is to say. a great violence of explosion 
and abundant solid material. This is why the electric phenomena 
cease with tlie i)aroxysnial period, although the density of the clouds 
remains great for days. 


THF, JIUU TOEKENTS. 

The customary ejiilogue of the volcanic eruiitions of Vesuvius con- 
sists in the formation of mud torrents, the " lave d^npia " and " lave 
di tango " of this \'olcano being celebrated. The recent eruption has 
furni'hcd much material for detailed study by the localization of 
the ejected products — thick beds of lapilli in the northeast sector, 
the lireccia with coarse constituents formed in the di'y way upon the 
cone and carried down liy avalanches, ami the tine dust scattered 
everywlierc on the volcano. 

Tlie mechanism of the production of mud torrents in the course ol 
an eruption is not complicated. The loo'c material freshly eji'cted, 
always more or less jiorous, absorbs the rain water from the showers 
of the u])])er slojies. If these are very intense, as was the case in th'“ 
Antilles, a torrent can form immediately; but on Vesuvius, in the 
first days of the eruption, the rainfall was localized, intermittent, 
and slight, and imbibition took ])lac(> gradually. Vdien it had pro- 
ceeded sufficiently far. the entire mass commenced to move ujion the 
slopes as a thick mud. which advanced rapidly down the valleys, 
eroding an<l transporting much material. The mud lava finally 
ceased to tloiv and by its consolidation formed a conglomerate with 
a chaotic structure. The most simple case is realized when the quan- 
tity of rain is not great, but if the rainfall continues there (/oines a 
more li([uid flood, which erodes the mud that has gone befoj-e, cuts 
into the underlying material, and de])osits on the lower parts of the 
mountain sediments with torrential stratification. 

The mud lai'a on the northeast side of tin- mountain consisted of 
rather e\'en-grained lapilli united by fine mud. 4'he How occupying 
the bed of the torrent of Ottajano. on becoming dry. formeil a black 
mass 8 meters wide by 0.7.) meter thick at the front end. The surface 
was coiered with concentric wrinkles like those of viscous lava and 
longitudinal furrows, indicating the different levels of the stream. 
It bore a remarkable resemblance to true lava Hows. On drying, the 
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surface became covered with a white coating of alkaline chlorides 
and sulphates that impregnated all the erupted products. Some days 
later, on account of the persistent rains, the erosive period was 
inaugurated, with its disastrous floods. 

The phenomena that I have seen in the production nid intermix- 
ture of the chaotic formations, accumulated in the dry way by ava- 
lanches. Avith those produced at their exjien.se under the influence of 
water, and the analogy of structure presented by them after drying 
and settling, are of great importance for geologists Avho have to 
decipher the structure of extinct volcanoes, like those of Ativergne. 
They explain the difficulties of interpretation, often inexplicable, that 
one encounters in the study of breccias and conglomerates of trachytic 
and andesitic origin. 


THE PKODfCTS OF ERL'PTIOX. 

The massif of Ve-uviiu. com})rising ^lonte Somma and Vesuvius, 
presents great variations from the petrogra])hic viewpoint, but all 
the rocks have a family likeness. They are all very potassic and 
either contain leiicite or ha\e a composition ])oteiitially leucitic. 

The petrographic character of Monte Somma is moi'c complex than 
that of Vesuvius, because it contains not only basic rocks with leucite 
and the leucotephrites. which form dikes and flows, but also types 
of white acid rocks, whicli form thick beds of tuffs and breccias. 
Vesuvius, on the other hand, has been built up by an accumulation of 
scoriae, ashes, flows, and dikes, belonging only to leucotephrites. 
which, according to the eruptions, present further variations still 
imperfectly studied. There are different facies depending upon the 
greater or less abundanew of phenocrysts of the predominant min- 
erals — leucite. augite. olivine. 

I shall take up .successively the new magma thrown out as Strom- 
bolian explo.sions and ])oured out as flows, and then the old debris, 
which constitutes the })redomiiiant material expelled by the Vulcanian 
explosions. 

XEW 

The lava has a gi'ayish-black ground mass, with rather abundant 
phenocrysts of leucite and augite some millimeters in diameter. It 
was particularly interesting to determine if. in the course of the 
eruption, there Avas any chemical change resulting from differentia- 
tion betAveen the upper part of the magma, as exhibited in the Strom- 
bolian explosions at the beginning of the eruption, and the portion 
poured out last of all. The folloAving analy.ses show there has been 
no svstematic variation and that the magma has kept a remarkably 

loot; 16 



242 


THE ElU’PTION OE VESUVIUS IX APEIL, 1906. 


iiiiifonn c(ini])f)sitioti. Aiialyj'fs of more numerous examples vould 
show perliaj)s greater (!ifferenee<. 
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Lava of Analysis by Wa'^liinaion 

1» Lava of isTl'. Analysis ]>y Wasliinu'ton 

This eomposilioii i.- cliaraetei-i.stic of the ^'(‘'iiNiaii laMis. ami is 
particularly remarkahlc for the high pcrceutae(> of pota'^iiim. Tliese 
rocks belong to the type ^'e^uvo<(> (II s. 2. 2) of the (luantitative 
classitication. ami the older rocks of .Somiua ditfer from the recent 
lavas by less potash and a smaller rtitio of Kf ): NafJ). 

I have folhjwed the dcueiopmeiit of cry-fa llization by comparing 
forms of cooling le.-s and le.— ra|)id. 'fhe scoriic of thi* Strombolian 
explosions arc very rich in brown gla-s. the sjjccimen analyzed 
being fragile' ami crumbling ca-ily under jirc-sure of the finger. 
Another .sjiecinien collccteil at the fi-surc of 1.2d0 meters altitude is, 
on the contrary, very re-i-tant. The scoria' contain in theii' glass 
large crystal- of angitc, leiicite. titanomagnetitc, a small proportion 
of basic plagiocla-e. with a little apatite and olivine. 'I’here arc few 
or no microlitcs of fehl-jjar. luit tho-e of augite are abundant. The 
normal ami trampiil proce-s of ery-tallizatimi wc.- niterrupted. ami 
cooling was -o rapid that ery-tal- were not dex'elopeil. 

A form of < ()nsolidation Ic-s rajiid i- ol)-er\ able on the front and 
upon the superficial ])ai't- of the Hows. 4'he rock -till contains much 
brown gla.-s and it <'ontains the -ame phenoerv-ts a- the scoria*, but 
they appear more abundant, ami biotite i- m't a- I'are a- a pheno- 
cyest. Then' is also a large amount of mi<-rolitic leucitc. augite, and 
plagiochise. 

'I'lie mo-t cry-talline ty])e i- found in the interior of large blocks 
broken by i-oiitraction from the -urfac<‘ of the flows. The rock. 
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although of fine grain, is almost holocrystalline by a more or less 
complete devitrification and larger development of the microlites. 
The glass inclusions of the leneite are often transformed into angite 
and titanoinagnetite. 

From these ohsei vations it may he concluded that a part, at least, 
of the phenocrysts of leneite are of iutratelluric origin, hut not of 
great depth, because the lava poured out rapidly contains fewer of 
them that the scoria? thrown from tin' crater: furthermore, the 
microlitic iieriod of the leneite did not begin till the ejection. 

THE TS or 'rilL \LLCAMAX i.xri.osioxs. 

The most important of these ])ro(hicts are those that have cov- 
ered the cone and furnished the material foi' the drv avalanches. 
They include the line diul aho\e descrihe<l. the hiiiilli that fell at 
Ottajano, and the material of tin* dry l)i-eccias. 

LupiUi . — The gri'atest part of the la])illi is formed of black scori- 
aceous matei'ial. eithei' light with a glazed surface or heavv with a 
tarnished surfaci', often reddish. 'I'ln'v are distinguishable from the 
material of tlu' Stromliolian (>xplosioiu l)y large crystals of angite 
and lamella' of hii)tii('. Microscopic examination show'.. further, a 
t'('W ])henocrysts of leneite. i)lagiocla'e. apatite, atid olivine, embedded 
in a ground mass composc'd of augite needles, jiiinute t'l'vstals of 
leucitt'. and grains of nnigiu'iite. 4'he chemical analysis of these 
scoria' has giv('u the following results, slmwing that they belong to 
a type altogether ditf'erent from that of the new lava iti being less 
aluminous, poorer in alkalies, hut contaiiung more magnesian and 
more calcic : 
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The mineralogical and chemical study of these scoria' confirms 
what has been already said regarding tlu'ir origin — that they have not 
been derived from the new magma, hut have hi'en torn away from the 
older I'ocks of tlu' cone by the 4hdcaidan explosions. 

The lapilli are mi.xe<l with numerous frttgments of noiiscoriaceous 
rocks, described Ik'Iow. 

Bn < rids . — The niat('rials thrown upon the mountain slopes permit 
of making an inventory of th(' rocks t'litei'ing into the construction 
of the cone of AT'suvius and its foundations and of sludyino- the 



244 


THE ERVPTTOX OP VESUVIUS IX APRIL, 1906. 


conditions of inetainorphism whicli prevail at the depths from v hich 
a part of the material has been derived. 

These rocks can l)e referred to two groiips: First, those of volcanic 
wrigin. and second, limestone and its nietamorphic derivatives, which, 
while imjiortant from the nietamorphic standjioint. furnish no infor- 
mation other than that already available from the study of the tuffs 
of Monte Somma. 

The blocks of volcanic origin include fragments of rocks, in places 
broken and ejected by the explosions (these wer(> already consoli- 
dated. but of a high temperature), and also fragments that had seen 
the light one or more times as old jirodiicts of ejection, torn from beds 
of tuff or from bna'cias of fornuir eruptions. All an* leucotejilirites. 
but vary in chemical and mineralogical composition and in texture. 
Some of them are of types comparable to those thrown out in the 
historic flows of 4Tsin-ius: others, much more crv>talline with a 
doleritic texture, are like types prevailing in the tuff's amt breccias 
of Monte Somma. being fragments of intrusive flows or dikes crys- 
tallized at considerable depth under ditferent conditions than the 
preceding type'. 

The study of tlu'se different rocks permits of tracing the varia- 
tions of the magma of this volcanic massif and tlie inlluence of the 
conditions of cooling upon the nature of the rocks derived from it; 
but the nietamorphic modifications observed in many of them have a 
more general importance. 

Tlie'e modilications are of two kinds. The one kind is due only to 
the action of heat and is jiroduced in blocks carried up by the fluid 
magma or falling into it after ejection. These changes can be of 
recent origin and lie accomplisherl in the course of the eruption. The 
fusible minerals are melted, forming a gla's enveloping the other 
constituents and frei[uently containing new minerals. 

iliich more important are the other modifications, which have 
been produced at a temperature below the melting jioint of the most 
fusible of the constituents. They are not the work of the recent 
eruption, but ha\e resulted from a previous long-continued process. 
The intensity of the inoditication is variable, though in some speci- 
mens the micro'copic apjiearance is not changed. .4 specimen orig- 
inally vesicular or scoi-iaceous. has its cavities lined with newlv 
formed crystals: in the case of a breccia the fragments become coated 
with new minerals. The attack i' often more profound, crystals 
of leiicite becoming by corrosion like small geodes, the cavities 
enlarge, the te.xtnn' changes, thi' I'ock becomes poi'ous and verv crys- 
talline. and large crystals, particularly micro'ommite. ajipear simu- 
lating iiheiiocrysts. 
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The essential character of all these modifications is the partial or 
entire disappearance of leucite, ivhich maintains its geometric form, 
but l)ecomes transformed into sanidine, sodalite. and esjiecially nncro- 
sommite. frequently accomj)anietl by l)asic plagioclase. The foimia- 
tion of new minerals does not take place necessarily in the places occu- 
pied by the old ndnerals. but may i)rocoed in adjacent cavities. 
These colorless mineral-, feldspars and feldspathoids. are accom- 
panied by numerous other minerals such as aiigite. hornblende, biotite. 
hematite, magnetite, and more rai'ely melanite. sjihene. and olivine; 
in some cases I have observed recrystallization of leuciti>. These 
minerals present definite associations depending upon the chai'acter 
of the rock at the e.vpense of which they are formed, and on the con- 
ditions govei'uing their formation. The brown hornblende, for exam- 
ple. and its associate, magnetite, appear to be formed in a reducing 
medium, whereas aegirite-augite. always accompanied by abundant 
crystals of hematite, has crystallized in an oxydizing medium. 

The new minerals are not only found as beantifnl crystals in 
druses; they also impregnate the rock, inclosing the normal minerals. 
The angite and amphibole and at times the nnca tnay become oriented 
upon the original [tyroxene. This i- esjiecially trtie of the angite. 
The pritnary augite becomes colored jtrogressively yellow and takes 
on the optical properties of aegirite-augite. 

The mechanism of these transformations can be established with a 
certain i)robability. 4Ve know that tin- eruptive period terminated 
by the recent disaster has had as a principal result the filling of the 
crater formed by the eruption of lcS72. 'The freipient flows from the 
flanks of A'estivins since IST.A show that melted magma has been for 
this whole period in intimate contact with the walls of the subter- 
ranean channels. It has raised their temperature above .300^ C. and 
furidshed them with emanations, the nature of which we know. The 
transformations, which are to be attrilmted to these emanations, have 
been produced by the chlorides and alkaline sidphate-. e-pecially by 
those of sodium that impregnate all the samples studied. It is strik- 
ing to note the con-taut substitution of -odic or calic minerals for 
leucite. The twi) most common acid minerals are sodalite and micro- 
sommite. 

The general interest that these transformations present is. then, to 
show with ]ierfect clearness the intlnence in contact metamorphism 
of volatile products emanating from a magma, and the fixation of 
some of them by the transformed rock. 

The lencitic magmas occiqiy a special place among eruptives by the 
intensitv of the contact metamoiqihisin they exhibit. I have shown 
in other instances bv consideration of their inclusion-, that thev are 
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comparable in their effects to trachytic and granitic luagmas. The 
instability of lencit(* in the presence of funiaroles. gives a better com- 
prehen>ioii of the reasons ivhy this mineral is rare in jilutonic 
rocks, and for its constant transformaticm (into orthoclase or into 
orthoclase and nephelite) in .-'ome granular rocks (syenites with 
pseiidoleucite) where it can crystallize under special conditions, but 
can not maintain itself. 

( ‘oxcT.t'sroxs. 

Knowing the ditfcuviit plienomeiia that have successively taken 
place in the eruption of I'.IOU, it i-, in oriler to consider the place occu- 
pied hy this eruption among the |)receding eruptions of Vesuvius. 
This investigation is facilitated by an interesting note by Mercalli on 
the succession of eruptive phenomena of this volcano. 

Precise observations date from the great eruption of KeU, and 
since that time the activity has been almost continuous. The nine 
eruptions noted in the course of the fifte(>n centuries that followed the 
Phiniaii outburst fui-iiish us with but meager information. 

The eruptions are divisible into two groii]>s — tho'C e.vclnsively 
explosive and thos(> in winch explosions Iiav<* been accom[)anied by 
ejections of lava. 

The eruptions exclusively explo-ive occur ordinarily after jteriods 
of repose, d'liey begin by sjuall X'ulcaiiian ex[)lo'ions. followed soon 
by a Strombolian explo'-ion accom])ani('d In' viohmt detonations, and 
terminate by Vnlcanian explosions more or less violent, launching 
into s]tace a great <niantity of fine ash. The erii])tions of A. 1). 70, 
of 472 (in which U'h i< reporte<] to have been tr:ui-})orto(l as far as 
('onstaiitinople). those of KTO to U'a'.O, of May. Sej)tember, and 
Decemlx'r. l'.)(K). and of iMarch and April. liHi.h. are examples. 

The ei’uptions that have produced laias are aPo divisible into two 
groups — those in which la\'a starts from the Hanks of the cone 
(lateral eru])tions) and those in which tlie pcnnt of outflow is exterior 
to the cone (eccentric ei'Uption^). 

The lateral eruptions are most fre(iuent, and they begin almost 
always in the sanu' manner. Strombolian explosions till the ci'ater 
of the pieceding erujnioii. building there a small terminal cone; the 
melted magma mounts high, fills the sjjace between the cone and the 
edges of the old crater, and often [lours over u])on the slo])es of the 
main cone; funun'oles a]i[)ear above and a fissur(> is formed; explo- 
sions destroy the terminal cone; (>arth movements shake the moun- 
tain. and the Strombolian ex])losions diminish or cease ; a tissTire opens 
high in the come lava floW' from it for a dav or two; then another 
opening a 2 )pears at a lower level. 
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From this time the eruption may ilevelop in either of two ways. 
In the most frequent case, whicli may be characterized with Mercalli 
as tlie type of IS'.i,”). the flow is tranquil and prolonged for several 
months. At the beginning- the crater deepens and Vulcanian explo- 
sions take place, but as the lava flows away Stroml)olian or mixed 
ex|dosions succeed, increasing in intensity as the flow ceases. The 
eruptions of October, ir.ll: Ajiril. ITtitl; August. IS-'U: iSIay, 18.19; 
December. 1881; ,lune. 1891; July. ISO,"); and August. 1903, are 
examples. 

In the second type, that of 187-2. the outflow is violent and rapid 
and lasts only a day or a few hours. The maximum activity immedi- 
ately ijrecedes oi' is contemjioraneous with the outtlow of lava. 
Exjilosive iJieiiomena take place at times also at the lateral fissure. 
The crater enlarges by the explosions, the summit sinks, and at the 
end of the eruption the mountain, with diminished height, has a wide, 
deep crater. The eriqjtions of 1031. 1737, 17i’)7, 1779. 182-2. 1839. 187)0, 
IS.l."). 181)8, and 1872 are examples. 

The eccentric eruptions (type of 1700) . which are the rule on Etna, 
are rare on \"e'U\ius (1700. 1794. 1S()1). Tht' lava then comes from 
adventitious cones that form on the southeast slope of Monte Somma 
at altitudes from -lOO to 300 meters. 

The eruptions of the types of 1872 and 17()0 always close a ])eriod 
of activity and are in\ariably followed by a period of rejiose. The 
recent eruption belongs to the, type of l.s72 and closes the iieriod of 
activity almo.st continuous '-ince 1877). It pri'sents the dominant 
characteristics of the type — a rapid and short flow of lava from the 
flanks; violent ^'iilcanian (explosions, destroying the summit and 
forming a caldera; and complete cessation of activity. Xo new 
phenomena have lieen noted in the course of this enq)tion; the flow 
is comparable to that of 1872. but the intensity of exjjlosion has been 
greater and more like those of 1779 and 1822. 

The ri'sults of the study of th(> dry avalanches, the mechanism of 
their ])roduction. their action upon the tojmgraphy of the cone, the 
l)reccias that they have formi'd, and the facts regardinf;' metamor- 
phism furni'hed by the blocks ejected by the ^bllcanian explosions, 
constitute, in my opinion, the principal actpiisitions that science owes 
to the entption. 

It is particularly suggestive to see opiioscd characteristics reunited 
in the same entption and natlized successively with equal intensity. 
^ esttvius has acted at first under the form common to basic tnacmas 
and then under that regarded as characteristic of acid mannias. It 
has ftirnishi'd Strombolian ejections of incandescent lava and lono- 
and rapid flows like those of basalt, and finally, by the \'tilcanian 
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explosions of material completely solidified, has accumulated breccias 
identical in structure with those of rhyolites, trachytes, and acid 
andesites. It has. then, reproduced in a few days the secular history 
of Mont Pelee, and brought another argument in support of the 
idea mentioned at the beginning of this pajter — that the form of 
dynamism is essentially a function of the physical condition of the 
magma at the beginning of the eruption, and the recent criijitioii has 
further shown how easily the form of dynamism changes with this 
essential condition. 

In conclusion, this eruption throws a definite light upon that 
which destroyed Pompeii in the year Ti). and the ex25losi\e part of it 
is undoubtedly the I'eju'oduction of that described by Pliny. The 
disaster at Ottajano and San (liusejjpe is. then, the rejtetition on a 
small scale of the destruction of Pomjieii. but with this difl'erence — 
that the pumice of 79 is constituted very probably not of ancient 
debris like the scorite of 190G, but of new magma. 



IT) THE XOETII MAGNETIC POLE AND THROUGH THE 
NORTHAVEST PASSAGE." 


By Koalii Ami .ndsek. 


To Sir John Franklin must l)r given the honor of having disco^'- 
ered the Northwest Passage, and to Admiral Sir Robert AlcChire that 
of being the first to pass through it. partly in his vessel, the Ince-^te- 
yator. and jjartly on foot. On the foundations laid by the splendid 
work done and the rieh fund of experience gained by English navi- 
gators in these regions I succeeded — in the track of Sir James Ross. 
Dr. John Rae, Admiral Sir Leopold M'Clintock, Sir Allen Young, 
and many others — in making my way in the Gjoa to the region 
around the earth's north magnetic pole, and. furtherntore. in sailing- 
through the Northwest Passage in its entirety. If I have thus been 
the first to sail throtigh the Northwest Passage, it is with pleasure 
that I share the honor with those brave English seamen — the seamen 
who here, as in most of the other parts of the world, have taken the 
lead and shown us the way. 

It was the Norwegian minister to England, Dr. Fridtjof Nansen, 
who, by his great exj^erience and his many good counsels, made the 
frjod expedition what it was — one in all respects well planned and 
excellently ecpiiijped. In order not to tire my hearers I will give in 
us few worils as po>>ible the earlier history of the expedition. 

The scheme of the Gjoa expedition I had a welcome opportunity of 
laying before the Norwegian Geographical Soriety on November 2.j, 
1001. It Avas briefly as folloAvs: AA'ith a small vessel and a few com- 
panions, to penetrate into the regions around the earth’s north mag- 
netic pole, and by a series of accurate observations, extending oA’er a 
period of tAvo years, to relocate the pole obsei'A cd by Sir James Ross 
in ISkl and also to make inA-estigations in its immediate vicinitA-. 
This Avas the chief object of the expedition. 

The condition of the ice still farther Ave^t allowing, it Avas fur- 
thermore my intention to attempt to sail through the Nortlnvest 
Passage in its entire extent, this being a problem which for centuries 

"Read at the Rdval Ceeitraiiliical Society. Feliriiai-y 11, lUuT. Re|>i-iuteil Iw 
nenuissiuu from The (leo;;rai)hical .Jourual. Loudon, Idl. XXIX, .Al.-iy, lUOT. 
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had defied th(' iiK)>t pei-'i-'leiit ett'ort.'. I eh()~e a Mimll vessel, with th(' 
view of beiiiy Ijetter able to ]):iss tliroiiuh tlie sounds of these regions, 
which are iiarro’w. shallow, and generally packed with ice. In pre- 
ferring a small luiniber of nienihei's to a lai'ger party, it was — apart 
from want of space — because, in the (went of such a misfortune 
occurring to us as the loss of our V(‘sse]. it would be easier to find 
means (if subsistence for a small than for a greatei- number of men. 

iMy undertaking, as soon a' it Ix'canie known, awakened great 
interest in very wide circhw. and sev(‘ral wealthy men came forward 
a>id supported the enteriu'i-e with donations. It would take too 
long to name all the jHU'sons who ga\e the e.xjiedition pecuniary sup- 
jKU't. but I must in respeeiful gratitude inentiian the names of their 
Majesties King Haakon and King Oscar II. 

The vessel of the (r]i'ni (c\p(Mlition was built in Ilardanger in 1872. 
and Wit' the oidy \-e~sel assigne,! to the tri]!. She had originally be(m 
U'cd in the lu'rring fisheries along the Norwegian coast; later she 
Avas sent to Tronis(i. whence she sjiihal for many years in the arctic 
sealing trade. She had weathered many a storm, though not alwav'- 
scathlc's. After my purchase of her I had a small petroleum motor, 
of indicated horsepower, put into her. to help ns along in ciilin 
leather. The ic(' she,ithing. which lad'ore only reached a couple of 
jilaiik' under the ii’atc'r line. I liad leiigtlietied right down to the keel; 
stout crossbeam' were [)Ut into tin- hold and connected with massive 
joints to the decic and ku'eNctn, atid tlu' old hempen rigging was 
leplaced by wire rigging. 

r had clio'cn niy companiotis by degrees. First in order I must 
mention the man w ho sacriticecl his life in the service of th(> expedi- 
tion. (rU'tav duel A'iik. lie \va' born in ls7s. at Horten, and thus 
lived to Ije -omewhat o\er 'SI tear' of age. From si.x we(dvs' stinh' 
bliortl)' b(‘fore the digiartnri’ of the e\pe(lition. at the Magnetic 
Obseiwalory at Potsdam. avIku’c he particularly studied the Use of 
self-registering magnetic instruments, he rettirned with the most 
excellent testimoiual' for industry and thoroughness. I had a good 
opjiorlnnity of seeing, (hiring our three years of work together, that 
these testimonial' Avere not exaggerated, and the magnetic data we 
brought back a\ ith U' 1 owe. in the first iii'tance. to this \'ouiig 
man's paiiistidiing ainl accurate labor. In addition to his jiosition as 
assistant in the meteorological obs<n’vation.s, he Avas aho the secanid 
engineer. 

The second in command of the expedition Avas Lieut. Godfred 
llan'im. of tla^ Dani'li navy, born in Gopenhagen in 1877). Ilis light- 
hearted disposition evas of absolute Ixmefit to its. and during the three 
yeai-^ — more than three years — that la* and I spent togetlum in the 
litth* cabin of the (’jon. ('> by !> feet. I became mori' and more attacheii 
to him. It was prophesied before our dcjiarture from Xorway that 
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within a year we should not Ije aide to bear the sif>-ht of one another. 
This jtrojijhecy. however, we thoronirhly gave the lie to. and I almost 
think we eould have managed three years more. He was the navi- 
gator of the expedition, the a>tronomer. geologist, surgeon, photog- 
rapher. electrician, and an expert in dealing with our explosives. He 
also j^layed star parts as meteoroh)gist and magnetieian. Sergt. 
Peder Pistvedt was born in .Sandsviir in ls7:5. Besides being first 
engineer, he was also otir meteorologist, smith, clockmaker. copper 
and tin smith, gunsmith, etc. T kiu'W Kistvedt before I engaged him. 
as he had taken j^art as assistant in my first expedition in the b'/du, 
in 1901. I was thus aware of what I was doing when I secured the 
services of this capable man and ])leasant coin[)anion. Anton Lund 
was the first mate of the expedition. II(‘ was Ixirn at 'Froinsb in ISO-l. 
and was thus the oldest nuanber of the expedition. He had sailed 
from Ids earliest youth on our Norwegian sloojts to the Arctic Ocean, 
and was const'queiitly an unusually ex])erienced man in all matters 
connected with the condition of the ice and navigation through it. 
Helmer Hansen was liorn in the \h-steraal Islands in ISTO. He had 
pre\’iously l)ceii a peasant, fisherinan. and arcti<‘ navigator. His posi- 
tion was tliat of second mate, and he was careful and conscientious 
in all that he did. liast of all. then, comes the cook. Ailolf Henrik 
rdndstrhni. boi'u at Hammerfest in IMi.l. He took part in St erdrup's 
('xpedirioti in the F ritm. and had thus (‘Xtensi\ e experience as an arctic- 
cook. r will cotillne myself to informing you that. Ix'sides 2 )roviding 
Us for three years with ext-elleiitly prepart'd food, served to the min- 
ute. he voluntarily lilhal th<' vacant posts of botanist and zoologist. 
His kitchen work tuided. he was pretty stire to be seiai abroad on arctic 
siunnier evenings with hi- botanical collecting box. his shotgun, and 
his butterfly net. and woe to the flower, bird or insect which came his 
way ! After this (lescri])t ion of my comrades. I feel sure that none of 
my hearers will be surprised that we succeeded in accomplishiug what 
we did. 

At 1-2 o'clock on the night between June lb and 17. 1905, we cast 
otl, and the t//5u was towed down the Christiania Fimal. It jtoured 
with rain and was as dark as in a sad^. Some of my friends tried to 
<’onsole me b\' sa\ing that the Aveather was much the same Avlien 
Nansen starte<l in iNii;’,. aTid that it was a good omen. HoAVCA'cr. I 
had iHwer been a believer in omens, and I therefore felt myself, in 
s[)ite of tlK'se auspicious torrents, very uncomfortable in my soaking 
clothes. At (i in the morning we entered the harbor at Horten, where 
Ave took A)ur eX])losives aboard. At 11 in the forenoon the last tie 
which bound us to honu* was broken, for the tow rojAe suajAped and 
hd't the Fjod to her oavu fate. IVe AA'ere then just outside Farder 
light-hotise. After the tug had shown its the ])roper farewell civilities, 
it stood up the fiord again and the Gjoa, by her own exertions. 
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worked her way slowly forward against a soiitlierl'. oreeze. The voy- 
age across the Atlantic has been made countless times, and doe< not 
offer any particular interest. A great number of people had. indeed, 
designated this ocean as the (ijoii'n last re.sting place: bnt in s 2 )ite of 
many jjrophecies and many warnings oiir good little G)da (piietly 
and calmly worked her way onward, giving not a moment's thought 
to all the wiseacres. How glorious it was to have exchanged the nar- 
row hot streets for the open sea, and not only we human beings 
enjoyed the change, but our dogs likewise. We had, I should ex^Dlain. 
six dogs with us which had taken jiart in Sverdruij's exjjedition. and 
they seemed to enjoy the voyage exceedingly. I'unning about and get- 
ting into as much mischief as they cotild. Their sjjirits were par- 
ticLilarly high on rough days, for then they had an agreeable change 
in their otherwise somewhat monotonous diet (consisting of a stock- 
fish and a (giart of water) in the shajic of the delicious viands sacri- 
ficed to tliem by my seasick companions. 

On July fi Ave sighted the first ice. in the vicinity of Caj^e Farewell, 
the southern extremity of (treenland. and on the 11th the latid arottnd 
the cape itself ajtpeared in sight. The wind. Avhich had not been par- 
ticularly favorable to us up to this, did not improve now. and our 
voyage u^o the Avhole of the west coast of (Treenland was thus one 
single struggle against the eA'er-jtrevailing nortli Aviiul. We had to 
console ourseh'es with the proverb that it is " an ill winde that bh)W- 
eth no man to good." Though tlu' ojtitosing wind from the north hin- 
dered our pi-ogrcss. it at any rate set the ice in motion southward, and 
made a way for us. 

The voyage. Avhich had hitherto been somewhat monotonous, be- 
came more lively on the ajtpearance of the ice. Icebergs of varying 
shajte glided pa't us and arrested our attention. Now and then we 
made an excursion into the drift ice and shot some of the beautiful 
large bladder-nose seal that were lying about on the higher 2 )arts of 
the ice. Iloth men and dogs Avere longing for fresh nuait, and this 
seal tlesh piA)vided us with an agreeable change in our menu. 

On July 2I \\e sighted Disco Island, and the day afterwards 
anchored at (lodhavn. Avhither the Eoyal Danish (liA'cnland Trading 
OonqAany had been kiiul enough to bring some of our equipment in 
their slii^js. Here Ave s 2 >ent five days, enjoying the great hosjiitality 
of the inspector and the governor of the colony. After having taken 
a series of magnetic and asti'onomical obsei'A'ations and shi2')2^cd all 
our things. Ave left tlu' 2ilace on ,Iuly 81. 

On August S A\e reached Holm Island, which marks the beginning 
of the redoubtable Melville Bay. Tlie ice was |)acked close, though 
it 2ti'oved to be liroken. Mb* kejjt cruising backAAard and forwarrl 
alongside the edge. Avatching for an o]A2iortunity to enter it. and at 
last, on the evening of the lOtli. it so far setJarated that we were able 
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to "-lip in. In thick foe we woimtl our way al)out through fairly 
penetrable ice. a few iceberg's now and then breaking iij) the dense 
nias>e^ of the fog with the strength of their iiashc";. calling to us their 
own warning. On August 13. at half past 2 in the morning, we saw 
the last of this fog. the tV/dV/ (juietly and calmly gliding out of the 
thick masses, which had sui-i-ounded us as in a nightmare for several 
days, into a new world, lighted up by the loveiic'-t sunshine and with a 
marvelously lieatttiful view. In the east we saw the head of iMellville 
Bav filled with impemdrable i<'e fields; to the north lay tlte fine moun- 
tain scenery around fkqje York beckoning and calling to tH in the 
sunshine (the feeling was overwhelming!) : before us. shining in Ijlue 
and white, lay the huge masses of drift ice. d'here was not much 
ojten water to lie >een from the ma-'tliead. but then we did not want 
very much. On August l.‘> we reached Ifalrvmple rock, where two 
Scotch captains. IMiliie and Adams, had left a largi-h depot for us. 
Here we fell in with the Danish Lit(‘rarv (liAvniland ('x|)edition. and 
spent a f(‘w liv(>lv and pleasant hours with the members of it. On 
August 17 we continued our voyage, and bore across Baflin Kay. in 
sight of the Carey Islands. It was lucky for ip that we met with 
calm weather here, for with our deeply laden vessel a storm might 
have had serious c(ais(>quencos. Besides our sky-scrajiing deck cargo, 
there were to add to its burden our IS dogs, the greater nnmb(‘r of 
which had been shiiiped at (iodhavn. By way of making the time 
go fjuicker. they had divided themselves into two about e(]ually strong 
sides, and from time to time tmuh' inroads on each other's territory. 
This game, needless to say. was hardly to the* liking of the man who 
happened to have the watch, and many a round oath found its way 
out into the world. On August 20 we stood into Lancaster Sottncl. 
A few icebergs which had collected arotind Cape ITorsburgh and some 
slack ice stretched straight acros- the soiiml. IVe kiqit in under the 
northern shore. The land made an exceoflingly barren impression; 
there was no vegetation to be seen, and the mountains were high and 
table-topped. It was. however, not often that we were able to see 
land, the fog for the most part lieing thick and heavy. 

Dn August 22 we reached Bcechey Island, where I had arranged to 
stoji and take a series of magnetic observations which were to decide 
fnir future course. Before the dejiartiire of the expedition several 
persons more interc-ted than learned in terrestrial magnetism had 
written to me. pretending by a snlitle nietho<l. which, however, they 
did not disclose, to have discovm’ed that the magnetic pole had moved, 
with a speed of I don't know how many miles in the year, in a north- 
westerly direction, and was now on Prince Patrick Land. Thev 
might as well have said in the moon for all they knew. 

Beechey Island gives a barren and dismal impression, and particu- 
larly sad are the ruins of the house erected by the British Government 
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for the succor of the Franklin expedition. Five irraves did not make 
it any more cheerful. The memorial stone to Sir John Franklin ^Yas 
the only thing which in the least ))rightened all this sadness — a hand- 
some marhle tahkd jtut up to liLs memory by his faithful Avife. 

The magnetic observations indicated the pole as being in a south- 
erly direction, and Prince Patrick Land was this time left in peace. 
4Ye left Beechey Island on the 24th and shaped the course for Peel 
Sound, entering those Avaters in dense fog. The ice Avas the Avhole 
time fairly penetrable, and Ave met only loose streams. Avhich pre- 
sent('d no hindrance. At Present T>land the compass, Avhich for some 
time had been someAvhat sluggish, entirely refused to act, and Ave 
could as AAcll liaA'c used a stick to steer by. Xavigation as Ave uoav 
])racticed it Avas at first a somewhat unfamiliar proceeding, and Avhen 
OIK' Avatch released the other and the fog lay close and compact, as it 
ahvays did. strange remarks might have been heard. What are you 
stec'T’ingl " Avould ask the relieving Avatch in a cross and sleepy tone. 

Supposed to be steering south, but ain't sin-e Ave're not going 
north;" and as he handed the tiller to the other, one Avould lu'ar. 
“ .“Steady — :o." So there one Avould be at 2 o'clock in the morning, 
just up from a comfortable. Avarm berth, the fog jioiiring doAvn oA'er 
everything, and absolutely nothing to be seen in any din'ction. and 
one Avas to st(‘er steady. This Avas eertainly great fun: but custom 
is a remarkabk' thing. Within a short time aah' became (piite at home 
(‘ven Avith this sf)rt of navigation, and Ave made Avay. On August 2S 
we ])assed the spot Avliere Sir Allen Young was stojtped in his vesel. thi' 
Piiiiiloni. by impeneti'able iee. Later in the fori'iioon the Avestern 
enti-ance to Bellot , Strait. Avhere Sir Leojtold iNI'Clintock in vain 
tried to get through. Avas passed. Xoav began our voyage along the 
AV(>st coast of Boothia Felix — a voyage that more than once looked 
dark for us. We Avt're not himh'red by ice to any grt'at extent: the 
land lead Avas, as a rule, so Avirle that Ave could get along Avithout diffi- 
culty: but Avliat impeded im mo^t Avas the spoal Avater. the constant 
fog. and the pitch-daik nights. On August 31 Ave struck ground 
for the first time. The Aveatlu'r, hoAVCAer. Avas fine, and Ave got 
off Avithout injury. In the eA'ening Ave ancliored off a Ioaa- island to 
Avait for dat break, foi' I no longer dared to go f)n, noAv that the 
nights AV('re so dark, and in such foul Avater-. IIoav peaceful every- 
thing Avas that ev('ning. It Avas an unusually dark night and abso- 
lutely calm, and Avhat greatly increased our already romantic position 
Avas the fact that we — I confess it oj)enly and Avithout shame — had 
no idea Avhere we AAer('. 'riu' laml had been mapped in Avinter. and 
many of the small islands Avhich Ave came across Averi' not marked at 
all. the siioAV covering them at the time having rendered them invisi- 
ble. All Avas so peaceftd. quiet and calm. lYe had all retire<l and 
left the Avatch to one of the engineers Avhose turn it happened to be. 
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r had ju^t got out iny log to enter the events of the day. when I was 
suddenly interrupted by the cry of lire. I knew what this meant on 
board a small vessel carrying 7.000 gallons of pcdroleuni. great quan- 
tities of gunpowder and explosives, ami whose whole hull was. besides, 
saturated with tar. We were all up on deck in less time than it takes 
to tell it. The first thing that met our eves was an enormous pillar of 
fire rising up through the engine-room skylight. Things didn’t look 
peaceful any longer. We all ran like mad for vessel and life. The 
engineer on Avatch had not left his post: ho was holding out bra'.'cly 
doAvn beloAv in the suffocating smoke, trying to the best of his abilities 
to subdue the fire. Avhich had arisen in sonu' cotton permeated Avith 
petroleum. This Avas AViik. AA'e succeeded by united exertions in 
becoming master of the lire, and got off’ without much damage. 

The evening of this same day Ave beat up under an islet and 
anchored there. AA'e took this to l)e oiu' of the small islands lying 
north of Malty Island. It Avas then blowing hard and night coming 
on. At d the next morning Ave Aveighed. and continued our course. 
It Avas a fine morning, partially clear, and Avilh a AV('st('rly breeze. I 
Avas at the tiller and my tAvo comrades were hoisting the saiK. .'^ml- 
deiily there Avas a shock, and we siruck (hn'e times. All e.\])edieuts 
to g(‘t off Avere in A'ain. and there we were for thirty hours. .V strong 
brt'ozc' bleAv up from the nortli atid came to our assistance, and ttnder 
croAvded sail Ave succeeded in forcing the frjiii/ across a gOO-vard-long 
bank and ttut into comparatiA’cly deep Avater. We l(.)st oiiIa’ our false 
keel, hut from that day to this it has been a matter of Avonder to me 
that htnnan liandiAvork could have Avithstood the treatment Avhich the 
(rjoa underAvent on that occasion. 

During this enforced delay Ave got a determination for iiositioii. 
and thtis kneAA’ Avhere avo Avere. .About midday Ave cast anclnir off 
Cape Christian Frederik. on liootliia Felix, so as to get things a little 
ill order after grounding. The Avind avus then slack and offshore. 
At 11 in the cA-ening it suddenly Avent over to the southeast and blcAV 
hard. There Avas no question, in the darkness and the shoal and foul 
sea outside, of getting underway. 1 here Avas oiiIa' one thing to be 
done, and that Avas to pay out our cables to the bitter eml and aAvait 
results. Hie AA’ind soon incnaised to a gale; th'“ s^^as Avere high and 
short, shaking onr chain cables violently. The land did not look as 
Avell noAv as Avlien Ave came in and anchored into it to leeAvard. All 
hands AA'ere on deck and getting readA' for the straiuling Avhich seemed 
ineAitable. Each man had had his AA'ork allotted to him. and at the 
moment Avhen the cables gaA'e AA'onld bi' in readiness at his post. 
The petroleum motor Avas going at full speed, and the A'cssel Avas 
kept Avell up to the Avind and sea. by Avhicli means I hoped to ease a 
little the violent strain on the cables. We had anchored at midday 
on the 3d. and it Avas not till I o'clock on the 8th that the Avind 
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(Irojiped sufficiently for us to get out again, 'riien another drifting 
night in pitch darknes.s among shoals and rocks, and then at last 
release. It is imjiossible to deseribo the well-being, the feeling of 
calm and safety, which came over us after these ten days of ceaseless 
tighting. when we dropped anchor on September 0. at half past o 
in the afternoon, at the head of Petersen Bay. in King 'William 
Land. There, aijproached by a narrow inlet, lay the harbor which 
wa^ to be our place of sojourn for two years — " Gjbahavn." or Gjoa 
Harbor. A fresh land lireeze prevented us from standing in. and it 
was not till the eiening of the 12th that it fell sufficiently for us to 
l)eat up against it and drop anchor. Xow we could breathe. "We 
liad done a good bit of work. 

" Qjbahavn " was all that the heart could desire, small and land- 
locked. Low sandy land, covered with moss, rose gently upward 
from all sides iintil it reached a height of I.IO feet, and thus formed 
a sheltered little basin when' we could lie safe and snug. Tlu' day 
after our arrii’al here T rowed ashore with luy instruments to ascer- 
tain the 'tate of the magnetism in this area. and. strange as it may 
sound, we had found the very spot which, accoi-ding to my scheme, 
vas the mo^t suitable for a magnetic station — about 100 nautical 
miles from the magnetic polar area. There ivas no longer any doulit ; 
this woidd be our home Ibr the ne.xt two years. The time after this 
was very busy. The vessel was hauled clo^e up to the shore, which 
fell abruptly away, a conveying roia.' rigged to the masthead, and all 
our ju'ovisioiis passed ashore lyv means of it. Everything was put 
in order, and the hou.-o which we built covered over with a sail. 

Then came the ob-ervatories. and of them a mushroom growth 
sjtrang nj). First the magnetic variation house, then a dwelling 
house for the meteorologist and magnetician. the two latter lieiug 
built of empty provision cases filled with sand. After that came 
the hoiHe for the absolute juagnetic observations. The walls were 
built of blocks of snow, and the roof made out of thin, transparent 
sailcloth. Finally we built the astronomical observatory, which was 
known as " Franienhorg." this also being of snow, with a sailcloth 
roof. Besides all this building, we had done another good stroke id' 
work in the shape of killing a hundred reindeer, and we had thus 
abundant provisions for ourselves and our dogs throughout the win- 
ter. The ice formed on October 1 and 2. The vessel -was then cov- 
ered with a winter awning, and everything got ready to receive the 
apjiroaching winter. 

On October 2i) the first Eskimo made their appearance. Expec- 
tation on this ])oiiit had always run high, and we had talked dail\ 
about meeting with them. Sir ■•101111 Boss, in his description of his 
voyage, givc's the word " teima ' as the usual salutation lietween 
white man and Eskimo, and we had therefore carefullv laid this 
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word to hfiirt in order at once to check any warlike desires, slionlil 
tliey be ajiparent. This first meeting was exceedingly ridicnlon.i 
and is one of oiir liveliest reminiscences. With two companion^, 
armed to the teeth — namely, Anton Lund and Helmer Hansen — I 
started otl' to meet the Eskimo, walking first myself, with tAvo com- 
I'ades following me at aljout 3 2 _)aces' distance. They had shouldered 
their guns, and had such a fierce exj)ression on their faces that it alone' 
Avonld lun’e been enough to jmt a warlike detachment to flight, to say 
nothing of the fiA’e unfortunate Eskimo who were ajjjAroaching us. 
The ste^J and set-ujJ of my detachment were unexcejAtionable. Ar- 
riA'ed at about 100 jAaces from us, the Eskimo stop^Acd, and Ave. not 
Avishing to shoAV less strategic ability, did likeAvise. Xow, I thought, 
is the moment to set this matter at rest, and shouted " teima *' at 
the top of my voice. It did not seem to affect them in the least, and. 
after a short jtark'y among themselves, they recommenced their 
march on us. They Avere fiAe in number, had formed in a sort of 
fighting lino, and iioav advanced toward us, smiling and humming. 
Tavo of them had their bows firmly secured to their backs, and the 
three others Avere aititarently unarmed. We, on our side, of course, 
leassumed our advance, repeatedly shouting. " teima, teima," and the 
Eskimo ansAvered. ljut Avith (|uite another Avord — namely. •' inanik- 
tu-mi." We uoav a^Aproacheil one another <iuickly, and finally ended 
by me('ting. It Avas a remarkable encounter. The Eskimo stroked 
and jjatted us both in front and behiml, all shouting " manik-tu-mi " 
as hard as they could. We. true to our original plan of camjAaign. 
copied our adA-ersaries. and shouted and hoAvled, patted and slapped, 
to the best of our ability. 

They AVere fine men. these Eskimo., tall and strongly built, and in 
their a^j^E'arance reminded me more of Indians than of Eskimo, 
IniA'ing the redskin tyjAe of conn)lexion ; they Avere, moreoA’er, slim, 
and. as I said before, tall. Tlie orAlinary l)road and fleshy Eskimo 
nose Avas exchangcAl f(.)r one l)etter in shape, somcAvliat hooked: their 
hair Avas cut short, Avith the exc(‘pfion of a small crest of long hair 
which stri'tched from one temple round the nape of the neck to the 
other temjAle. e uoaa' iiroceeded, laughing the Avhole time, to 
the Aessel. These Eskimo called themselACs "()gluli Eskimo," and 
looked U 2 Aon the Xortli American coast frtan Hack IliA’er AA’estAA'ard 
to Adelaide peninsula as their hunting fields. We made many good 
friends among this race, but it aauis not till later, Avhen Ave met Avith 
the ■■ Xechjilli Eskimo," that Ave made inse 2 )aral)le allies. 

On Xovember 2 the 2 Aermanent station began its Avork. I Avill try, 
in as few Avords as tAossible, to ex2Alain terrestrial magnetism and the 
Use of our magnetic instruments. 

Terrestrial magnetic 2 >OAver is, Avith regard to direction and force. 

SII 1900 17 
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dili'ereiit oil every point of the surftiee of the earth, nor is it always 
the same in one and the same place. It is subject to regular daily 
and yearly changes, and, similarly, there often occur irregular, more 
or less violent, disturbances. Finally, small displacements show them- 
sehes from year to year, which continue in the same manner for a 
long series of years. All this has been discovered through observa- 
tions undertaken during the course of time at various parts of the 
surface of the globe, partly during travels and jiartly by iiermanent 
stations. A careful study of all the available material which had 
been acquired Ijy observation cau-'Od the great (rennan mathematician 
and physicist, (fauss. in the thirties of last century, to form a theory 
as to the sequence and varied ajipearance of the phenomena of terres- 
trial magnetism at a certain moment of time according to the geo- 
graphical latitude and longitude. It thus Ix-came possible to con- 
struct three ditferent maps, of which two show the direction of the 
force and the third its strength. Tlie reason why two maps are 
necessary for direction is because the direction must be given both 
in relation to the north and to the south geographical line, and in 
proportion to the horizontal plane of a place. The direction of the 
terrestrial magnetic force in relation to the north-to-south line can 
be oljserved Ijy the help of the compass, whicli. as we know, generally 
points somewhat east or west of this same north. Tliis divtu'genco 
is called the variation or the declination. (In a magnetic map lines 
are drawn which show the direction of the magnetic needle at every 
point of the earth s surface. These linos, which are called magnetic 
meridians, converge at two points — the north magnetic pole on the 
Arctic coast of Xorth America, and the soutli magnetic ]jole in the 
interior of the Antarctic Continent. Each of the lines indicates, as 
will 1)0 understood, the direction one would go if ho followed exactly 
the direction indicated by the north or south end of the magnetic 
needle. In the first case, one would at length arrive at the north 
magnetic pole; in the other, at the south magnetic pole. 

If a magnetic noodle be placed so that it can turn on an axis 


through its center of gravity — exactly like a grindstone — the needle 
will of itself adopt a diagonal jiosition when the plane of revolution 
is identical with the direction which the needle of a compa-s indi- 
cates. An instrument of the kind is called an " incliuatorium," and 
the angle which the dipjiing needle forms the horizontal plane is 

called the magnetic inclination of a place. Here, in our parts, the 
north end of the needle points down toward ilie earth; in Australia. 


on the contrary, it is the sout]„.i.u north 

magnetic pole the dii-ping needle assumes a vertical position with 
its north end down: at tin- s,u,th magnetic j.ole it assumes a vertical 
])ositiou with Its south end down. The inclination, then, at both 
their points is 00 . and decreases according as the distance becomes 
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^Teater from them. ( )ii a senes' of points within the tropical zone 
the inclination is 0° ; that is to say. the dipihng- needle places itself 
exactly horizontally, and that line which we may imagine as drawn 
through all these points is called the ‘‘ magnetic equator." It is 
situated partly above, partly beneath, the earth's geographical 
equator. 

The force of terrestrial magnetism works, as will be understood, 
with its Avliole strength in the direction given liy the dipping needle, 
and it may be asked. How great is this force in the ditl'erent places? 
In order to discover this we must imagine the force dissolved into 
two paits, one part working horizontally, and one part working 
vertic diy. It is evident that it is the horizontal part of the force 
which causes the needle to take a set position, and if we luiow all 
about this force — " horizontal intensity.’’ as it is called — and at the 
same time know the inclination, it is easv. by a simple calculation, to 
find the collective strength, the total intensity. For the determina- 
tion of horizontal intensity two methods are adopted, either inde- 
pendently. preferably, for the sake of comparison, simultaneously. 
One method consists in [)lacing a magnetic bar by the side of a needle 
at a givim distance from it, and observing how many degrees the 
needle moves away from its original position. It is clear that the 
weaker the horizontal intensity the greater the oscillation of the 
needle, and when the stiamgth of the magnetic bar is known, it is 
])ossil)le. by the aid of the angle of oscillation and the distance, to 
calcidate the horizontal intensity. 

The other method is to note the time of oscillation of a magnetic 
liar suspended liy a thread in such a manner that it can revolve in the 
horizontal idane. When the magnet is allowed to be at rest it sets, 
under the intluence of horizontal intensity, in the direction of the 
needle. Ilrought out of eqidlibrium by a little push, it will swing 
liackward and forward, and the stronger the horizontal intensity the 
sooner it Avill come to rest again, or. in other words, the shorter will be 
the time of each individual oscillation. When the strength of the 
oscillatory magnet is known and observation is made of how many 
seconds are necessary for an oscillation, the horizontal intensity can be 
calculated. 

Maps are constructed to give an idea of the value of horizontal 
intensity, expressed in so-called electric units, on the different parts of 
the earth. A line passes through all the places where the horizontal 
intensily is the same. Tin* horizontal intensity decreases toward the 
magnetic poles. It is therefore matter of consequence that terres- 
trial magnetism here, where the inclination is 90°. acts with its whole 
strength vertically downward, and thus can not have any elfect in a 
horizontal diix'ction. 

Although the magnetic maps are very dissimilar, they are alike in 
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oiK^ resjiect. namely, that the magnetic poles are the points of mark on 
the surface of the earth, and it is obvious that magnetic investiga- 
tions Just at these points, or in their immediate vicinity, must be of 
the greatest interest to the science of terrestrial magnetism. The 
Gauss theory hy no means solves all the riddles presented by the 
])henomena of terrestrial magnetism, but continual efforts are being 
made to decijiher these problems by the collection of as reliable and 
comjireheu'ive observations as it is possible to procure. 

The magnetic work of the Gjoa expedition is intended to be a con- 
tribution to this object. But the difficulties were not small. The 
very fact that horizontal intensity, as we have heard, hecomes, in the 
vicinity of the magnetic poles, so intinitesimally small, renders neces- 
sary extraordinary precautions for the determination of this itself, 
as well as of the variation. The Gjd<i expedition's equipment of 
instruments tvas calculat(Ml for this purposi'. The magnets, fourteen 
in number, were chosen with great care in Potsdam just before our 
departure. The inclination we were able to determine by the help 
of three inclinatoria of varying construction, and for the determina- 
tion of the declination we had two different instruments. 

Added to tlu'se was a set of self-registering variation apparatus; 
that is to say. three instruments permanently erected in a dark room, 
each instrument containing a small magnetic nt'cdle, two of the latter 
being sinpended by a line ijuartz thread, the third oscillating on a tine 
bearing in such a manner that the needle with its movements followed 
the declination, the second the horizontal intensity, and the third the 
inclination, even its minutest changes. Each neeille was jirovided 
Avith a looking-glass, which reflected the light from a lamj) onto a 
drum covered Avith photographic paper, Avhich. by means of clock- 
Avork, made one revolution during the course of the twenty-four 
hours. It Avas arranged so that the reflectioii from each of the three 
needles struck the drum at different heights and caused a little dark 
spot, hut Avhen the drum Avith its j)aper reA'olved, each of the^e spots 
Avas continued, forming a coiwecutiA-e dark line. There Avere thus 
three dark lines across each other on the jiaper Avhen after the lapse 
of lAventy-four hours it Avas taken off. 

After Avhat we haA-e already Inaird. it Avill easily be understood 
that it Avould not have done to select the pole itself for a permanent 
observation station. CAen had Ave knoAvn beforehand its exact situa- 
tion. and could haA'e foreseen that it Avould keep inimoA’able on one 
of the same spoic .Vdvised by Prof. Adolf Schmidt, I therefore 
decided to make the laise station, Avhere the instruments for A^ariation 
AV('re to be erected, at such a distance from the pole that the inclina- 
tion Avould be about 80°. This requirement Avas fulfilled by Gjoa- 
havii. Avhich accordingly liecame our headquarters. W 3 constanth" 
made excursions hence to adjacent parts of the country, Mid right in 
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to Boothia Felix, where I succeeded hy the help of declination in 
absoluteh’ proving what of late has been assumed on theoretic 
groiunF. namely, that the mag:iietic pole has not an iinnioval)le and 
stationary situation, but, in all probability, is in continual move- 
ment. In what manner this movement takes jtlace our considerable 
amount of material actjuired by observation will, when it has l)een 
worked out, give instructive iiiforuiatiou. 

The magnetic observations were kept going day and night, Avithout 
interruption, for nineteen months. Meteorological observations tvere 
also taluni the whole of the time. Profcs'-or Mohii had e(pii2tped 
the exjjeditioii with a complete set of meteorological instriinients, 
and made it his business that the nnheorologist of the exitedition 
should receive the best instruction. Tlie meteorologist. Dr. Aksel 
Steen, tvas my magnetic counselor at home in Xorwav before the 
departure of the e.xpedition, and many a good l)it of advice did he 
give me. The astronomical etiuipmcnt was for the greatiu' part due 
to Professor (reelmuyden. 

The Eskimo came and went now as often as they liked, and in 
a short time l)ecame quite at home with us. Toward f'hristnias 
they all disapjteared, with the exception of an old man. Teraiu. with 
his Avife, Kaijoggolo. and little son. Xutara. They came and lived 
Avith us (luring the A\hole of the coldest ]>art of tbe Avinter. the rest 
of the tribe having gone AvcstAvard to cajAtiin' seal. 

Christmas Avas iioav appnnichiug Avith rapid st('ps, and countless 
prejiarations Avere made. I'he days Inid begun to Ix' sliorter and the 
cold sharper. Then came Ciiristmas ca’c, the first on board the Gjon. 
The Aveather Avas sphmdid. absolutcdy still, and -parkllnglv bright. 
The thermometer — 10'^ F. ( — 40- C. ). -Vnd Avhat a Christmas cA'e 
it Avas out here, ll^as not heaAen itself sending ns a gre(‘ting? The 
most glorious aurora avc had yet seen lighted u|) the entire skv in 
chasing rays from the horizon toAvard the zenith. The rays seemed 
to be racing one another, racing to s(a‘ Avhich Avould be the first in 
the Avild chase. Then they all suddenly unite, as if at a giA'en siipnal, 
and change into the shajAc of a soft. Alelicately formed ribbon, twist- 
ing in light and graceful moA-emeuts. It is as if the un(|uiet Ixauns 
had noAv sought rest. Are they. [a‘rha 2 )s, thinking of something 
ncAv 1 Then suddenly the beautiful ribbon is, as it Avere. torn in 
many })ieces. Again begins the chase, again the Avihl flight. It is 
difficult to imagine Avhat the next step Avill be. It s(‘ems as if the 
zenith Avould noAV be chosen as the central jwint for the Avhole moA'e- 
ment. And so it is. Suddenly, as if by magic, tht' most glorious 
corona stixaims forth from it. 

('hiFtmas goes, the Xcav Year comes. The many holidays liaA’C 
already begun to tire U'. and Ave take up our Avork again with 
pleasure. The first item on our program is the e([uipment for my 



262 NOETH MAGi^ETIC POLE AXD XOETHWEST PASSAGE. 


a 2 )pr(i;iclun_ir sledge journey to the iimnediate area of the magnetic 
pole. The original jDlan aagis that I should make this expedition 
with one companion and jirovi.sions for three months, supported by 
a relieving expedition under Lieutenant Hansen with one man. 
There were consequently four of us who were obliged to have our 
things in order by a certain date. In one thing there wa-^ a con- 
sensus of opinion, namely, that Eskimo fur garment-^ Avere th(> most 
suitable ft)r thi.'. climate. We had therefore taken time by the 
forelock and bartered tvith the Eskimo for the lightest and finest 
reindeer-skin clothing we could get. After many small trials, too. 
we all agreed that snoAV huts Avere far snpei’ior to tents Avhen th<> 
temperature Avas beloAV — 22’ E. ( — .‘>0’ C.). I therefore starteAl 
a class. Avith old Teraiu. the Eskimo Avho stayed Avith ns. Avith 
his family, as teacher. We all four joined and uoav built a snoAV 
hut regularly every forenoon. Sometimes one of ns Avas iiumter 
builder and the others masons: sometimes another. Old Teraiu. 
Avho cotdd not understand Avhat Ave Avere building all these huts for. 
shook his head pensively, evidently in the eoiniction that Ave had 
taken leave of our senses. Sometinu's he Avould throw out his arms 
to indicate the overwhelming number of houses, and exclaim. •' Iglu 
amiehjui — amichjui — anuchjui I ” Which nusans, •• This is a dread- 
ful lot of houses." But in this. too. Ave arrived at Avhat av(> Avanted : 
Ave became at last good suoav buihhu's. 

On February 20 Ave took our sledges up on to the heights in oreler 
to be ready for a start the next morning. The day for the bi'gin- 
ning of our sledge jourmw broke clear and still. The temperature 
Avas not exactly summery, the thermometer reading nearlv — (54’ F. 
(— oll’C.L 

One sledge had a team of seA'en, nu>stly young dogs, foi- avc had 
lost all the others during the course of the AA'inter from oiu' or another 
mysterious disease: the other sledge Avas hauled by three men. We 
found it difficult to make any Avay : the sledges ran badly. The suoav 
in this seA'ere cold Avas like sand, anfl adA'anci' A'ery lieaA’v. .Vfter 
terrible labor Ave made 4 miles the first day. Befoi’e avc couhl go to 
rest Ave had to build our house. Thanks to the many bids avc had 
built before that Avintcr. we did this fairly quickly — in about an hour 
and a half. The temperature. Avhich had sunk to about — 70’ F. 
( — 57’ C.). aIIaI not tem])t us to be out longer than Avas absolutely 
necessary. As soon, therefore, as aa'c luul finished the hut, Ave Avent in 
and Availed up the entrance Avith a large block of suoav. The cooking 
apparatus Avas set going, and it Avas soon Avarm and cozy in our little 
snoAv house. In sjnte of the Ioav teni])erature — about — 77° F. ( — (52° 
C.), the loAvest Ave obserA'OAl — Ave spent in all resj)ects a comfortable 
night. The next day, after ceaseless toil from morning to cA’cning, 
Ave managed to coA'er Iff miles. I realized noAV that this sort of thing 
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was not good enough and decided to make the depot where we were, 
return to the vessel, and wait for warmer weather. 

On March IC I made aiiotlier attempt to move this deitot some- 
what farther out. It was on this trip that we first met with the 
Xechjilli Eskimo, and accompanied them homo to their snow huts, 
Avhich lay among the pressure ridges in Eae Strait. Our first meet- 
ing with this trihe Avas thoroughly friendly and hearty. Their camps 
consisted of sixteen snow huts, inhabited hy about a hundred people. 
In ajipearance and dress, they Avere exactly like our former friends 
the ( igluli Eskimo. 

Mdieii my companion and I Avere about to l)egin to build our house 
of snoAv. they all came and gaA’o ns to understand that they Avished to 
help us. fVe gladly left the work to them, ami after the lapse of 
half an hour our hut Avas completely finished. The folloAving morn- 
ing occurred a scene Avhich very <-learly shoAVs in Avhat rcsjAcct the 
Avliites ai'e held among th(>se savagx's. From our t'arlier Eskimo 
friends, the ( igluli Eskimo. Ave liad learned that the Avord " mild 
meant a dog. As all our dogs Avere yotuig and not up to much Avork. 
I asked one of our iu'av friends — a man iiamed Attikleura. avIio 
appeared to he the chief of the tril)e — to lend me his dogs the next 
day. Tie thought a good deal Avhen I asked him to do this, looked 
at me. and smiled faintly, hut made no answer. I. hoAvet'er. did not 
giA’c in. hut repeated my re<iuest. ITe nodded his head, and Ave did 
not mention the matter again, as I ntiAv considered it settled. 'When 
I came out of the hut in the morning, Attikleura's little son Avas 
standing near the door. T did not take much notice of him. but Avent 
on to his father's hut to ask Avhat had heconn' of the dogs. I natur- 
ally used the Avord " mild " aa hich 1 had learned. Ide looked at me in 
a--tonishment. and made me understand that I had got his " miki."’ 
As I persistently denied this, he made signs to me that Ave should go 
out. Tie Avent straight oA'er to his little hoy, pointed to him. and 
said, “ ona mikaga." Avhich is to say, " here is my boy." Xoav eA'ery- 
thing Avas clear to me. " IMiki " did not mean Avith this tribe " dog,’’ 
hut •• child." So great Avas then their fear of us that he had Avithout 
demur giAum his son aAvay. I let him understand that I had made a 
mistake; the Avhole thing ended hy hearty laughter on both sides. 

After tAvo days' march Ave came across, at Matty Island, a small 
camp, consisting of six huts. Tlie.se belonged to some Ichjuachtorvik 
Eskimo, as they called themselves. Avho Avere from the east coast of 
lloothia Felix, near the place where Eoss Avintered in the Th foru. 
These people made a A ery bad impression on me. ami I said to niA’ com- 
panion in the evening that Ave had better lash everything securely on 
the sledges, and let the dogs sleep near them. In the morning Avhen 
it Avas time to start Ave missed a saAv. an ax. and a knife. I made the 
Eskimo understand that they must return the stolen article.s, but they 
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pretended that they had no knowledge of the matter. After address- 
ing myself to them two or three times in vain I grew tired of it. and 
got out one of our carbines. I then explained to them as well as I 
conhl that I knew who the thieves were, and that I would shoot them 
if the articles were not given back. This worked. The things were 
returned in a hurry. T did not dare to make any de|)ot in the neigh- 
borhood of these thieves, but retraced my stops, and confided every- 
thing to the care of our new friends, the Aechjilli Eskimo. I was 
never disappointed in the confidence I placed in these people: they 
were what they appeared to he from the very first moment — thor- 
oughly honest. Quite a crowd of them joined company with us. and 
returned to the jiiu. staying with us for a few days. 

On April ti I started off with Sergt. Pcder Kistvedt to make 
magnetic investigations in the vicinity of the jjole. A'e were e(|uipped 
for thrc(' months, but our nine dogs were not e([ual to drawing the 
heavily loaded sledgi's. ^\'(' had a couple of Eskimo with us who 
were going out to capture seal. It was a lovely day. and cui’ious as it 
may sound, felt (piite summer-lik(‘. with a temi)erature of — 22-’ F. 
( — ■]()■ C.). IIA had, of course, been used to a much lower tempera- 
ture during tlie two preceding months, Eelu’uary giving an average 
of about — 4.")' F. ( 13'-' C.). This was the reason why avc per- 

spired as if we were in the Tropics that day with its — 22 '. "We had 
to throAv otf garment after garment, and only slo])ped when modesty 
demanded it of us. This sledge trip was not Auny successful. An 
injury to my leg, Avhich I incurred, kept me lying in my bag for a 
AA'cek. I had. hoAvever. the satisfaction of getting as close to the 
pole as Avas necessary. IIA had l)een oi)liged on our Avay to cache 
one of our sledges and provisions for a month in order to hasten our 
advanc(‘. This Avas unluckily in the neighborhood of the Ichjuach- 
torvik Kskiino hunting grounds. IVhen we came back to fetch our 
things. cAerything, Avith the exccjttion of 10 pounds of pemmican. had 
been stolen. We Avere thus obliged to return home after only tAA'o 
months' alAscnce. 

In the l)eginning of June large numbers of Plskimo apjAeared at the 
ship Avith blubber and skins of seals for sale, Avhich thev liael caught 
during the course of the Avinter months. e paid them in Avood and 
iron. In the middle of July most of them left us again in ditferent 
directions to hunt reimleer and catch salmon. In the summer of 
r.)04 Lieutenant Tlaiisen Avent on a roAvingexjiedition Avith one man to 
Cape Crozier, about 100 miles distant, to put doAvn a large depot. 
I he latter Avas for use on his sledge journey to the east coast of 
Victoria land, planned for the spring of lOO.-). (lustav Wiik had all 
this time had soIl" charge of the magnetic olisei'A’ations of the station, 
and had done excidlent Avoi’k. The sumnier was short and cheerlc'S. 
The Aessyl slipped the ice on July 22. Of liirds of passage Ave saAV 
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swans, geese, loons, ducks, ciders, and many small birds. The ptar- 
migan came in iMarch and U'ent in Xovember. The only stationary 
animals were the Arctic fox, the .stoat, and the lemming. The vege- 
tation was rich, and large tracts were to be ^een quite covered with 
llowers. There were butterflies, flies, and some other insects, not to 
omit several milliards of gnats. The winter set in somewhat carliei’ 
this year than the preceding one. and the ice formed a week sooner. 
The reindeei’. of which there had l»een great numbers the previous 
autumn, were this year very seldom to Ire seen. The whole of our 
winter jjrovision thus consisted in IhOf of only l'O deer, and these 
we had shot far inland, whereas in IbO-'l we coidd have killed as niaiiv 
as we liked quite closi' to the vcvssel. llowe\er. the Eskimo, who 
had spent the sumnn'r reindeer bunting in noi'thiu’n America, brought 
us a quantity of venison, and from other (|uarters we jrrocured 
salmon, cod and trout, so that we were wi‘11 jrrovided for the ne.xt 
winter too. Tn tin' middle of (tctober the Eskimo ir'tiirned from 
their summer f'xcursions. and then visit('d iis in gi'eat numbers, but 
went off again to lish before the darkest [rart of the wintc'r set in. 
Toward ('hristmas they ri'tiirned to the vessel, and we then had the 
pleastire of their company for nearly two moitths. On Xovemlrer 20 
we had a visit from an Eskimo family of a (jiiite strangi' tribe, d’hey 
proved to be Kinepatu Eskimo from ('hestei Held Inlet, near Hudson 
Bay. The- man s name was .Vtagala. He knew English sufficiently 
to explain that near whore lu' lived two larg(‘ vessels were lying. T’or 
an old iMauser rille and 400 cartridges he undertook to take a mail 
down to them and return with an answer, about l..')00 miles. On May 
20, the nt'xt year, a sledgc' team of 10 dogs swung into our harbor. 
It was .Vtagala. He brought us a mail from the Anf/r, a ship 
belonging to the C’anadian (lovernment, which tvas wintering at 
Cape Eullerlon, in Hudson Bay. She had originallv been the G'roesx, 
and was built by the (Terman .'^oiitli Polar Expedition, but was now 
out to inspect and choose suitable spots for small garrisons. Major 
IMoodie was in chief command, and Cai)tain Bernier in command of 
the ship. An American whaler, the Hm, was also wintering at the 
same place. Captain Comer, of the Hrn, and Major Moodie sent 
me 10 sledge dogs, as I had written to the former, stating that the 
greater number of our di)gs had died in the c<,)urse of the first winter. 

During onr seventeen months' intercourse with the Xechjilli 
Eskimo we l)ecame by degrees so intimate with some of them that 
they little by little lost the mistrii.st they usuallv have for strangers, 
and showed us complete confidence. IVe, however. ne\er really 
acquired their language, and coiiseqtiently could not thoroughlv 
understand their life. What I have to tell about them. Iiowevi'r. is 
based ])artly on careful observation and partly on information from 
the Eskimo themselves, and this being the case. I venture to think 
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that my information regarding one of the most interesting and least- 
known races of the world is correct, ^^'hat adds greatly to the yalne 
of these searches is the .series of splendid photographs taken by Lieu- 
tenant Hansen during onr sojourn in those parts. 

Xechjilli, which the Nechjilli Eskimo look upon as their home, 
are the hanks of the great Willersted Lake, on Boothia Isthmus, and 
of the little bit of riyer which Hows from the lake into the sea. 
Unfortunately, we ncyer had time to pay them a yisit. but from the 
Eskimo's often repeated dcsscriptions I know what the country looks 
like and what their life is there. Erom the time the ice breaks up 
ill June or July to January or Eebruary the next year, it is here 
tliat they lire — in summer in their tents, and. when the snow falls, 
in their snow houses. Often in transition periods, from winti'r to 
summer and summer to winter, wlien tlie snow — as it is in the month 
of June — is too water-logged to be used for the laiilding of entire 
snow huts, they are obliged to use a structure the walls of which 
consist of snow and the roof of skins, a combination of snow hut and 
tent; or, as often happens in September, when the cold strikes in 
and the lakes freeze before the snow conies, they are obliged to con- 
struct a building of ice with a skin roof. 

"When an Eskimo is abottt to btiild a snow house, he is always 
careful first to consult his " heryond." J'his is simply a stick of 
straightened horn taken from the antlers of the reindeer. At the 
lower etid it has a ferrule of musk-ox bone and at the upper a 
handle of reindeer bone. It is about a yard long. With his keen 
glance he now scans the country, and at the place which plea.ses 
him best thrusts his " heryond “ into the snow. He does thi.s in 
order to find out its quality, for it is as inqiortant for an Eskimo to 
find good snow for his building as it is for a bricklayer to haye lime 
for his bricks. A yery long expiu'ieiice is rer|uired in order to test 
till' snow in this manner, and, when several Eskimo are together, 
it is a task generally left to the oldest ones. The most suitable snow 
is that of a solid and compact kind, with a superincumlient layer of 
loose snow, about a foot in depth. Xor must the underlying snow 
be too hard, or it will be difficult to cut out the blocks. The site 
once chosen, the upjier loose snow is shoyelcd away and is laid 
rounil the spot where the house is to be. When the underlying hard 
layer is laid bare, the liuilder begins with his knife — which is usually 
long bladed and long handled — to cut out and build up the blocks. 
The house is constructed from inside, and the blocks are cut ex- 
clusively from the building site. It is seldom that an Eskimo has 
resort to the snow outside. The blocks are cut out of snow with a 
high edge, and that is the reason why tlu- site can contain suflicient 
material. T he hut is built spirally, in such a way that the succeed- 
ing block is always sujiported on a preceding one, and in shape much 
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)'ebemble> a lariro beeliivo. Our ‘rreate-^t difficulty was always when 
we had tu decrease and build the roof. The blocks are then placed 
in a very inclined position, one may say almo'-t rocking. lint the 
Eskimo are born to this way of building. Where one of them puts 
the block there it stays, even if it forms an angle of 45" with 
the horizontal plane. The structure is completed by a little, dexter- 
ously jilaced. ])]ug of snow in the apex of the roof. After the house 
is up. there will be a mass of refuse snow lying inside it. With this 
the sleeping bench and tireplace are made. Meanwhile the lad}' of 
the house has not been without occupation outside. The loose snow, 
which was shoveled away at the beginning, she uses to calk all the 
holes and cracks with, and if she has any to spare she throws it over 
the entire house, which lu‘l[)s a rery great deal in making it warm 
and draftl ess. hen all is tinislnal lusule, an aperture is cut in 
the wall of the same height as the bein-h. The man comes out and 
the woniaii takes his place. First of all, the large water-tight kayak 
skin is lianded in and is spread over the (uitire bench: then comes 
the turn of all the reindeer skins — soft, large and warm; then the 
rest of the etl'ects, such as cooking utensils, a drying grill, blubber 
for the lamp, and a number of other things which the Eskimo find 
imlispensiible. Wluui all this is done, the housewife is walled in. 
It will be asked, ii'hat was this immured lady doing inside the hut f 
Perhajis it will not be indiscreet of me to jioke a little hole in the 
wall and peep in. In the name of knowledge everything is jter- 
missible. so with a "ski" staff, which I happened to have with me. 
I made a hole in the wall and opened a way into the sight of this 
mysterious interior. 

The first thing she does is to put the lamp in place and make a fire. 
After that she fills the cooking pot with snow and hangs it over the 
flames to melt into water for her thirsty husband. As soon as she is 
satisfied that the lamp llame is burning to its greatest e.xtent. she 
turns her attention to arranging other things; the sleeping bench is 
leveled and flattened, reindeer skins placed in order on it, and everv- 
thing made as comfortable and cozy as possible. .Kll being arranged, 
she seats herself before tin* fireplace and seems to be particularly 
anxious to make the fire burn as brightly and give out as much heat 
as possible. Xow I understand tvhy it is she is walled up in this 
house — in order to warm it and make the blocks of snow sink, so that 
the whole will form a close and compact wall. But she will certainly 
not succeed in this if I continue at my peeping, so I fill it up again 
and take myself off. ^Meanwhile, the man has built the passage, !) to 
1-2 feet in length, which leads into the house. But he will certainly 
not dare to make a hole in the wall and put it in t-omnumication with 
the interior of the house before he receives higher orders from his 
better half. He amuses himself meanwhile with his friends, who are 
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in a similar ^it^ation. and whiles away the time in joking- and conver- 
sation. Tliey are a hne gronp of men who are standing there, rang- 
ing tall, from o feet inches to <> feet, though there are some short ones 
among them. They are jiowerfnlly hnilt. the life they lead inducing 
■ill-ronnd develo 2 nnent. The ladies' pellticid voices are now heard, 
and th(' e.\|iectant Inishands can comjilete their structures by knock- 
ing a hole through the wall from the pa.ssage to the hut. 

Li't ns now jjay a vi.sit to one of these camjis and see what Eskimo 
life is liere in these hiirrows of snow immediately after their construc- 
tion. l'ln‘ lints ar(“ of ditfei'ent sizes. Some jieojile like them high, 
somt' low. 'J'lie circumference is from ISO to d.") feet, according to the 
size of th(‘ family. It is the month of January, and the cold is severe. 
They, tliiu’efore. live two familii's togethi'r. so as to he warmer. The 
meinliers of tlu' family have jiist as.semhied after the hiiilding ojiera- 
(ions and a long day's sledging. The hoiisevife sits in her accus- 
tomed jilaee and croons her monotonous chant, consisting of four 
words and as many notes, which are rejieated in I'arying form.s. 
J’hese sounds, when repeated often enougli. av(> found nneiidiirably 
monotonous. Politely to retpiest them to he (|niet was of no u.se: but 
we found another most effective means, namely, to gi\(‘ a vocal jter- 
formance of our o\i n at the sam(> time. Then W(> had peace, for our 
many tones, no doubt, sounded as awful to Eskimo tail's as their four 
did to ours. AA'ell. this was not very polite on a first call, hut anyhow 
they were not otfendeil. 

The first thing an Eskimo does when he enters his hut is to take 

off his outer coat and heat all his clothes tpiite fri-e from snow. This 

ho does so that the latter shall not have time to melt and wet his 
clothes. If he intends to he in the wliole e\'ening. he takes off his 
other outer garment-'. If any of tliem have become wet during the 
course of the day they are th)-own to the lady of the establishment, 
who puts them ipion the grill to dry. Ilis hunger has now to lx‘ 
apjieased. and the most tenijiting [lieces of meat and hsh are brought 
out — of course, frozen stiff. Ihit tliis does not att'ei-t the Eskimo in 
the least: oin-e down, it melts soon enough, and enormous (|uantities 
disap|)ear. '1 heir knives are theii- only eating inijilement. litit the.se 

they handle with de.xterity. J'liey hold thi' ^nece of meat fast with 

their teeth and the left hand, and with lightning rapidity jiass the 
knife right under their nose^, and cut off a piece of meat so close in 
to their lips that one is astonished that tin* latter do not go too. 
One large hit of hliihlier after the other goes the 'ame way. 

1 lie family lun iiig' thu' liiitshed this inpiortant business, a najr will 
pos>il)ly be to their ta^te. and the entrance i-- c-arefiillv bricked in from 
the inside. J hey now ])i-oceed to undress till they are quite naked, 
and then sleep the sleep of the jiist under large coverings of i-eindeer 
skin shared in common, iiossilffy till late the next day. This, hotv- 
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ever. dejieiulH upon whether they have euouoh food. If the man 
inteiids to li\e here for any length of time, he chops himself a win- 
dow the following day out of the ice on the nearest fresh-water pool 
and inserts it in the wall immediately above the entrance. Ilis dame 
can then see to do her work by daylight. She has plenty to look 
after. She sits by the lire, which is her accustomed place, cvith her 
legs tucked up under her. and watches the flames and her otl'spring, 
who are running in and out jilaying. Slie smiles and looks absolutely 
happy. Probably it is the two small physiognomies, incrusted with 
soot and train oil. which call these pleasant thoughts. It is not so 
long since the youngest left her hood, Mhert* children are carried till 
they are alunit d years old. Their play grows less by degrees, and the 
youngest one goes up to his mother and looks in(]uiringly in her face. 
She knows her boy. she does. The cbildi'cn here are not Aveaned so 
quickly, and mother's milk is to their taste long after they begin to 
walk. I ha\e e\en seen boys 10 years of age lay their arrows aside 
and take jiart in the repast. 

But SCI'. Iku'c comes a friend — of the .same sex. of course. She has 
come to pass tlu' time of day — is bored, perhaps, in lier oAvn hut. It 
is Alo-.Vlo. a young and attractiw woman. The sharp cold has given 
her a fresh color, and the ])retty brown eyes with the blue whites look 
very miicli as if they could hide something liehind them. Out of her 
hood sticks up a litth' womhuang face: it is !n'r year-old son "Akla,‘' 
or the broNMi bear. t’on\(‘r-ation is soon in ftdl swing, and the two 
Avoniim secan to liax’e a great deal that is amusing to tell one another. 
Suddetdy the balw in the hooil Ix'gins to move, and with incredible 
rapidity and ([iiite unparalleled adroitiu'ss changes j)lace from the 
hood to his mother's lap. lie has his wishes complied Avith and is 
going to be put back in his Avarm, cozy ])lace, av1 en his mother dis- 
coA'ers that he is more than usually dirty today. The Avashing process 
Avliich then takes jilaci' mus( be Aery ('cononiical when Avater is scarce. 
She licks the child chain, and then jmts him Iiack. 

If it has been a line day. the men ha\e bi'en out on the ici' to capture 
seal, and ai-e noAV coming back in the dusk. They seldom return 
home eni])ty-handed. but have a seal or tAvo Avith them. Avhich are 
then handed OA’er to the honscAvife, Avho has to see to their partition. 
The entrails, Avhich are the greatest delicacy they knoAv. go to the one 
Avho has caught the scml ; the rest is iliAddial among all. .Vfter sup- 
]H‘r th(w often reijuire a little diA'i-rsion in the long Avinter e\enings. 
They then assembh' in the large~t hut and spend a feAV hours together, 
singing and dancing. These huts are oftiai quite handsome struc- 
tures, and I liaA'i' seen them ll-feet high and it.") feet in diameter. 
On these occasion' the AAomen all sit round in a circle and begin their 
monotonous chanting, the men entering the circle one by one to per- 
form a kind of solo ilance, beat a frame coA'cred Avith thin tanned 
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reindeer hide, and scream soiiiethiiif? perfectly dreadful. AVliat 
a.stonihlied me most at these festivities was the singing of the Avomen. 
I had ahvays thought that all their times — or rather variations on the 
live notes — ivere impromptu, hut here I had certain proof that they 
really were songs, for I heard as many as twenty Avomen singing 
together at these gatherings for a Avhole hour at a time, Avithout any 
of them falling out of the melod}'. In my opinion this almost points 
to musical gifts. 

The next eveidng the magician of the tribe Avill j^Prliaps giAe a 
rejiresentation in the same hut. This is a Aery serious atfair — the 
only jierformance to Avhich Ave never liad an official invitation. IVe 
tricked them, all the same, and found out Avliat Avent on. d'he hut is 
made almost dark, onlv a little dame being alloAved to burn. Avhich, 
of course, made things the more mysterious — complete darkness 
Avouhl be too dull. The magician and his assistant (usually his 
Avife) take their jdaces on the bench, and the company sit at the other 
end of the hut. Absolute darkness broods oA'er the performers. 
The tAvo noAv begin to utter loud hoAvls, anel, on the Avhole, lead one 
to su])pose they are killing one another. After this farc(> has been 
going on for half an hour the noise groAv.s less, and by degrees eA'ery- 
thing b(‘comes (pdet. Tin* light is made stronger, and. to the ap2)ar- 
ent surprise of eA-ervbodv. the magician noAv e.xhibits tAvo holes in 
hi s coat. Avhich. before the light had beim subdued. Avas quite Avhole — 
one hole in his chest and the other in his back, and they go to iiroA’e, 
of coiu’se. that during this turbulent scene he has run himself 
through Avith his spear. Judging by apjAcarances. the Eskimo all 
take this A'ery seriously: but Avhen later I joked Avith them about it 
they laugheil and said that the Avhole thing Avas nonsense. 

Any real sign of astonishment these peojile seldom shoAv. One of 
the feAV times that I can rememlier seeing any trace of this Avas Avheu 
I sent a messenger to the sliiji — I Avas then in canqi about ten miles 
away taking magnetic obseiwations — Avith a letter in Avhich I asked 
for a certain (piantity of ammuuitiou. AVhen he returned the next 
day and I told him before he gaAP me the consignments that I kncAV 
hoAV many cartridges he had Avith him of each kind and that ho 
might count them himself, he Avas astonished to see that I Avas right, 
and much impressed by the use to Avhich aa’c ^^'it our Avriting. They 
often amused tlieniselA'cs later by scribbling some strokes on a bit of 
l)a2)er and giving it to us. Ae ahvays jiretended to be highly aston- 
ished, and read it out loud; this greatly amused them. Family life 
gaAe us the inqnessiou, as a rule, of being hajAiiy, though I knoAA’ of 
cases Avhere the husband ill-treated his Avife. The male sex being so 
uuich more numerous than the female, it Avas not unusual to find mar- 
riages where the wife had tAvo husbands The reverse relationship T 
lUAii met A\ith. In general, the husband Avas siiokesman and the 
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wife obeyea blindly, but elderly widows were sometimes personages 
of great influence. 

The religious opinions of the Eskimo were like our own in that 
they had an understanding of a good and an evil being, of punishment 
and reward. If a man had behaved as he should in this life, then he 
woidd go to the hunting fields in the moon; and had he been a bad 
man he must go under the earth. During the whole of our stay 
among them there only occurred, as far as I know, four births and two 
deaths, the latter in both cases being suicide. It is not considered to 
be wronj)’, but is. however, only restufed to when the pain in an illness 
is too great to be borne. The way in which they do it is. I think, 
peculiar to them alone. A sealskin thong is stretched across the hut 
2 feet above the floor. The sick person is left alone in the hut, and the 
others go outside. They, however, have peepholes in the wall, 
through which they follow (wents. The sick person now kneels 
down and endeavors to suffocate himself by stressing his throat 
against the strained thong. If the unfortunate person is unable to 
do the business for himself, or it seems to be taking too long, one of 
those outside comes in and expedites matters by pressing his head 
down on the thong. Fighting with closed fists occurs now and then, 
and murder is not unknown. It thus hajtpened in the summer of 
lt)04, at the station, that a boy 12 years of age accidentally shot 
another boy of 7 in a tent. The father of the boy who was killed 
immediately seized the other, who. for that matter, was his adopted 
son. and dragged him out of the tent and stabbed him to death. 
Their dead they sew up in a reindeer skin and lay them on the ground. 
A few articles, such as a bow, spear, arrows, and other things, are 
Itlaced beside them. We found many an interesting object in this 
manner. 

On April 2 Lieutenant Hansen and kSergeant Eistvedt started on 
their sledge journey to chart the east coast of Victoria Land. They 
had two sledges, twelve dogs, and equipment for seventy days. The 
ju'ovisions were measured as shortly as possible so as to reduce weight. 
All the same, it is very necessary on a long journey of the kind that 
everything should be carefully planned so as really to hold out the 
requisite time. The depot, which had been made the year before, had 
been entirely sjxiiled by bears, but Lieutenant Hansen and his com- 
panion shot bears, seals, and I’eindeer, and thus spun the journey out 
for eighty-four days. Excellent work was done. The east coast of 
Victoria Land was charted right up to the seventy-second jiarallel. 
The laml formerly seen by Doctor Rae at the south end of Victoria 
►Strait proved to be a group of over a hundred small low islands. 
These w ere charted on the way back. .\n interesting event from this 
journey was the meeting with another uidcnown Eskimo tribe, the 
'• Kiilnermium Eskimo,’’ whose hunting fields extend from the Cop- 
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Pennine Kiver eastAvanl. These Eskimo, like the others mentioned, 
have no eomiection veith civilization. We. of course, received our 
bold conpianions with flags waving on their return, and a feast to 
commemorate it. 

On June 1 we dismantled the observatory containing the magnetic 
self-registering instruments. For nineteen full months Wiik had 
kept this going, and had done work which will, without doubt, be 
rich in results. 

On August lo. at H o'clock in the morning, we continued our way 
westward, and I am not sure that the little brown-eyed people in 
there on the beach were <|uite cheerful that morning. Hardly, for 
they were losing several rich and great friends. They waved long 
to us — probably a farewell for life; and if .some travcder many years 
lat(‘r pays this place a visit, the nnmenuis tent rings will i-emind him 
of the many happy days the G'foii expedition spent here with their 
friends the Xechjilli Eskimo. The day afterwards we stopped at a 
plac(' called by the Eskimo. Kamighi. Here we took an Eskimo boy 
named iManni on board. He won us one and all by his openness and 
honesty, and even the cook, who hated Eskimo, had. I think, a warm 
feeling somewhere at the bottom of liis heart for him. It was my 
intention to Iji'ing him home and show him a little of the world he 
could never have imagined, and to send him liack again, in the event 
of liis wishing it. but lie was accidentally drowned at Herschel Island. 
Aftc'r pas.-,ing through narrow and shallow waters, we came out on 
AugU't ill in Doljihin and Union straits. Mow we could breathe. 
On the forenoon of August 28 we sighted a sailing shi]). It was a 
Iiroud moment for us all wlum wi* hoisted our flag and bore down on 
the American. 

On Sejiteiuber '■'> ne were stojiped by ice at King Point, and soon 
after that were beset for a thinl winter. However, we were in high 
feather all the same. On the shore lay the finest driftwood that could 
be desired, the st^a was fidl of fish, and not far off there were hares in 
thour'ands. On the shore, some fathoms in past us. lay the nijiped 
whaler Bdimniii. The first thing we did was to build ourselves a 
house of drift timber, and after that the observatories were jmt up. 
from October 20 to March 12 I was out traveling with the U/dV/'.s- 
mails. Ideutenant Han^m having command on board meanwhile. 
This winter was exceedingly severe and disagreeable. On my return 
everything was in the best oi-der. lait on March 2() Wiik became ill 
and had to take to his l)crth. He died on the 2r>th. It was a hard 
blow to los(' a comrade so near home. It was not until Mav 0 that we 
were able to bury him. the ground up to then being too hard frozen. 
In the meantime his coilm stood in our dwelling house on shore, 
which we gave uii to it. nailing up the door. Later on we put up a 
large cross with an inscription on it at the north end of his grave, and 
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when the flowers came decorated it with them. It is situated on a 
Aery prominent point, and A\ill be a landmark for the numerous ships 
Avhich pass by it. 

The sjAring Avas a cheerful time. The continual passage of Eskimo 
and AA'hites made the time jiass quicklAU On July 2 we got out of the 
ice and brought up under the Bonanza^ so as to aA'oid the ice which 
AA'as drifting baclvAA’ard and forward in the land lead. 

On July 11 tAA o of the American Avhalers came to our jAlace to col- 
lect driftAAood, and the same eA’ening we stood out. IVe took a last 
fareAAell of our comrade AA’hom aac A\ere leaA’ing behind us out there, 
and dijAped our flag as a last mark of honor to him as Ave jAassed under 
his graA’e. Already at Ilerschel Island Ave AAere stopped by the ice, 
and AA ere kept there a AA'hole month. After many narroAA’ passages 
and abrupt turns Ave stood doAvn llering Strait on August 30. The 
day afterwards Ave Aveiit into Nome, a gold-digging toAvii in Alaska. 
The reception atc rcceiA'od and the enthusiasm our enteiqArise had 
aroused there aa'c shall neA'er forget. 

On September .I the Gjon set sail southward under Lieutenant Han- 
sen's command for San Francisco, and on the 7th I left Avith the mag- 
netic instruments for Sitka, in order to conclude our Avork. On 
October 19 avc met again in San Francisco, where aa'b confided the 
A-essel to the hands of the American XaA’v. There rests the old G'foa^ 
and greatly does she need it. 

SM lOOti IS 




K’ EL AND: ITS IIISTOLY AND IXIIABITAXTS.' 


P>y Ilf'i r Jon STf.FANssox, I’h. D. 


I. 

( loopi'aplilcally and o-ocilooically Iceland is part of — a continuation 
of — the British Isles, for it is situated on the same submarine moun- 
tain ridae. stretching from soutiicast to nortlnvest across the Xorth 
Atlantic, the average depth on it being 1 ..j 00 feet to 2.000 feet, while 
north and soutli of it 12.000 feet is the average depth reached by 
sounding. According to Prof. James (ieikie. land connection be- 
tween (ireeuland and the British I-les must have existed in Cenozoic 
times, for relics of the same Tertiary flora are found in Scotland, 
the Faroes. Iceland, and (ireenland. The deposits in Avhich this 
fossil flora occurs are associated witli great sheets of volcanic rocks. 
This so-called Iceland ridge (or "Wyville Thomson range) was at all 
events greatly uphea\ed in the Tertiarv period, and thus an island, 
misnamed Ici lnml in the ninth century, 40.450 English square miles 
in extent, the largest ishuid in EiirojH* after (Ireat Britain, rose out 
of the Atlantic, distant only 450 miles from Cape Wrath, on the 
northwest coast of Scotland, to Stokknes, in the southeast of Iceland. 

It is as rational to call this island Iceland as it is to call an ice 
she(>t measuring several hundred thousand scpiare miles (Ireenland. 
Iceland is not a bleak, arctic region, embedded in thick-ribbed ice, 
though its northmost peninsula, Kifstangi, projects about a mile 
north of the Arctic Cii-cle. Situate between (jJ- 24' and (KP 33' north 
latitude, yet its thermic anomaly is such, owing to the (lulf Stream, 
that the mean tem[)erature of the month of Januaiw at Stykkishohn, 
on the west coast of Iceland, is 34.5^ F. higher than it should be in 
that latitude. It is surprising that January at Eeykjavik is milder 
l)y than at Milano. Xorth Italy, or 1° F. milder than at IMunich 
on 4S° north latitude', i. e.. 31° farther south than London (51° 33' 
north latitude), while the mean annual for the same place is but 1° 

■' Ueuriiited, liy jienuission. freiii the Journal of Trans.actioiis of the Victoria 
Institute, or I’hilosnphical Soi-iety of (treat Britain, T.HiJ, Vol. XXXIV. jip. U!t- 
178; I'JUO. Vol. XXXVllI, iip. .jJ-Gt!. 
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less than at St. Julius, 1G° farther south, namely, 39.5° F.. or as 
much as that of parts of Asia situate over 17° (over 1,000 miles) 
farther south. Clrimsey. otf Xorth Iceland, cut in two halves by 
the Arctic Circle, is 5° F. warmer in January than Stockholm. The 
coolness of the summer, however, reduces the annual mean. The 
mean temperature of summer at lleykjavik is only 53° F. (July, 
59.i!()° F.). The sea round the south, west, and east coasts of Ice- 
land is never less than 41° F., while on the north coast the nearness 
of polar ice drifting down from (ireenland occasionally, every four 
or live years, causes a fall in temperature. 

It will thus he seen that Iceland has a teuijierate climate, while 
the cleariK'ss of its atmosphere rivals that of Italy. “A medium 
of matchless 2 )UTity " this combination of sea and mountain air has 
been well called, and it is most bracing and exhilarating — ‘‘ like 
drinking champagne," an Knglish traveler says in her book on Ice- 
land. It is freer from microbes than the air of any jjart of Euro^ie, 
and, according to the researches of Dr. W. L. Brown, the blood of 
an Icelander does, on an average, contain more hemoglobin than 
that of other inhabitants of Eurojie. 

Xo country on earth of equal .size contains so varied and wonderful 
natural 2 )henomena. The glaciers of Switzerland : the fjords, salmon 
rivers, and midnight sun of Xorway: the volcanoes, grottoes, and sol- 
fataras of Italy, on a grander scale: the mineral sju’ings of Germany: 
the geysers of Xew Zealand : the largest waterfall, next to Xiagara, in 
the world, tlu' Dettifo.ss, all are here. Xowhere has nature been so 
sjiendthrift in giving a geological lesson to man. If there be .ser- 
mons in stones, volumes lie unread here. Here we see her Titanic, 
forces at work building uj) a country. 

Let us ajiproach this womlerland. A high tableland, out of which 
rise .shaiq) iieaks and glittering ice fields, and into which run winding 
fjords, fringed by rocky islets on which the waves break in a white 
line of foam. You do not miss the forest, which is not there, for the 
vivid brilliance of the aii' shows the glacial white and volcanic black, 
and sunset turns them t(j rich juir})le and violet. 

Iceland is a i)lateau region com]x)sed of older and more recent vol- 
canic masses, not older than the Tertiary ^wriod, of an average alti- 
tude of from l.(i5() to 2.000 feet, occupying thirteen-fourteenths of 
the island. It consists of basalt and [lalagonite tufa and breccia: the 
latter, the younger formation, in the center and toward the south, 
while the g’ eater jiart of the west, east, and north coasts is of basalt, 
or nearly t ivo-thirds of the island. The glaciers rise like broad domes 
from this plateau. In the south, where the glaciers come down to the 
sea. there are no harbors for 250 miles, fi’oin Djiiiiivogr to Eyrar- 
bakki. for all the fjords have been filled ui> with detritus brought 
down by the glaciers. But the basaltic regions are cut and furrowed 



ICELAND: ITS HISTOEY AND INHABITANTS. 


277 


by numerous fjords. The basaltic foriuation is divided into two 
strata by the “ surtarbrand " “ formation of the ^Miocene period, GO 
to 100 feet in thickness, the fossiliferoiis layers occurriiio- about mid- 
way up in the vertical faces of tlie basalt of the northwest. In these 
lignite strata have been found the remains of a vegetation of the 
American tyi:)e when Iceland had a tropical climate. The extensive 
forests of Tertiary times seem to have been overwhelmed by pumice, 
ashes, and sometimes by flowing lava. Silicated tree stems are found 
in many jflaces. The area of glaciers or ice-covered altitudes is esti- 
mated at .1.500 square miles, seven times that of Switzerland (710 
square miles), comparable in size oidy to the glaciers of the polar 
regions. The Vatnajiikull alone measures fl.SOO square miles. The 
height of the snow line on the southern side of the plateau is 2,000 
feet, on the northern side I.flOO fed, the air in the interior being much 
drier. The appearance of the'-e glaciers is that of the polar regions. 
The summits of the mountains are covered with flat or vaulted ice 
fields from which glaciers branch out. The glacier explosions 
{jolmlhluK p, glacier h‘ap) are ])eculiar to Iceland. They occur when 
there is an eruption of an ice-covered volcano. On such occasions 
extensive tracts of country are inundated and converted into an eddy- 
ing current filled with floating ice. Il'ithin historical times fjoi'ds 
and bays have in this way l)een filled uj). During the Olacial epoch 
Iceland was completely overlain with an ice roof or covering of at 
least 2,500 feet in thickiu'ss. Scorings and striations point to more 
than one glacial period in Iceland. Thei-e are many traces of the 
shifting of the shore in j)ost-(Ilacial times, esjjecially in the mulh- 
west, the highest shore line or raised beach being 250 feet above sea 
level. There is a double raised beach in the northwest, and the coast 
is still receding. 

On the harborles.s south and southeast coast people live in little 
oases, isolated as islands, cut off from the rest of the i.sle by sand 
deserts and glaciers, which come to their very door and threaten them 
perpetually, and under tliese sleep volcanoes. It is pleasant to find 
in this howling wilderness oases bright with flowers and fragrant 
with thyme and meadowsweet. Between the Skaptafellsjhkull and 
the Skei6ara^okull willow.s, angelicas, and birches 21 to 22 feet high 
nestle in clusters, and there is even a mountain ash flu feet high. All 
round, every (piarter of an hour, is heard the thundering crash of ice 
blocks falling down on the muddy sands or into the yellow waters of 
Skei5ara, which changes its bed continually, moving over a mile 
sometimes often in a day. Aowhere is it ])ossihle to study so well 

a Sui'tiiihninihd- is tlie Icel.-iuilic iijiiiie for fossilized tree trunks, a convenient 
name for the wliole of tlie Icelandie lijiiiite strata. 

^ This lignite hand has its representative in the island of Mull and County 
Antrim. — Ed. 
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the geological coiulitions prevailing toward the close of the Glacial 
epoch in Europe. 

Iceland is the center of a snboceanic volcanic region, and no region 
of the earth has an equal title to be called the " Land of Fire." It 
owes its very existence to volcanic agentw continued to-day and may 
lie truh" called the abode of subterraneous heat. No spot on the sur- 
face of the globe of its extent exliiliits marks of Hi-e in such a multi- 
tude. in such a variety, and of such a magnitude. Xoiie contains an 
equal number of volcanoes. Xowbere haie erujitions of such magni- 
tude occurred. Doctor d'hoi-oddsen has counted i07 volcanoes, S:1 of 
which are a series of low craters or crater chains. S are of the Vesu- 
vius shape, and Ki of the Sandwich Islands lava-cone shape. Five 
thousand square miles of land are covered with lava. The jiost- 
Glacial lava alone would co\er Denmark with a layer Ik feet in thick- 

nos. s. The largest lava desert Is the (ddaoahraun, which covers an 
area of I.TOO s([uare miles and is from 1.000 to b.oOO feet above .sea 
level. This lava field has been formed by the (‘rujitions of aliout 
20 volcanoes. The cubic capacity of tln^ lava ejected here would 
make a solid cube, each side of which would measure about .lO miles. 
The most frequent form of manifestation of t olcanic eruption is the 
formation of a series of low craters, often several miles in length, 
along lines of cleavage in the cru.st of tlie earth. The longest is that 
of Laki, 20 miles long, contaiiung about 100 craters. Sometimes lava 
has welled up out of fissures without orater.s. The largest of these 
is Eldgja, north of Myrdalsjokull, 19 inile.s long’, 431 feet deep — in 
one place O.Ki feet dee[j — bottom 408 feet wide. The volcanoes are 

not, as was formerly supposed, limited to the legion of palagonite 
breccia. On the Eaxa-bay are many small volcanoes which havi‘ 
broken through the basalt. About 2.j volcanoes have been active in 
historic times ('.>00-1900). Vesuvius is dwarfed into insignificance, 
for the lava Hood of the last eruption in Iceland, in ISI."). ha^ been 
computed to contain 31.000 million.s of cubic feet, while in the largest 
eruption of Vesuvius on record, that in 17'.>4, only about 73)0 millions 
of cubic feet of lava wt're ejected. 

The lava field of the crater chain of Laki covers some 230 squari' 
miles, and the lava current flowed 47 miles awav from the [)lace of 
eruption. The longest flow of lava in Iceland is that from th ) craters 
of Fiskivbtn. 90 miles long. (In (March 12, ISi.i, a laia torrent forced 
its way 020 yards up an incline of O'’ 2.'')'. On NIareh 29, 1S7.7, the 
pumice a^hes ot (Mount A'-kja were carried over 1.000 miles awav to 
Xorway in eleven hours forty minutes, and in another ten hours to 
Stockholm. I he column of ashe.- rising from Hekla was measured on 
April 21, 1700. and was found to rise Kk.lOO h-et above the top of the 
mountain; on February 5, 1840, it rose 14,350 feet. On April 5, 
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1TG6, a fragment of basaltic scoria was hurled from Hekla to Vidi- 
vellir, a distance of lO;! miles. 

The geysers have been so much Avritten about that I shall leaA’e them 
out and treat more in detail of the A'olcanoes of Iceland. SeA'eral 
neAV geysers burst out during the earthquakes in 189G. Avhile the 
Acell-known Strokkur disappeared, haAung Ijeen in existence one 
hundred and seAxm years. 

The crater chains and A olcanii- fissures run in certain directions, and 
there are at present tAvo lines in actiA'e condition. The one runs from 
soutliAvest to northeast and contains the craters of Iveykjanes, the 
Hekla, and other A'olcanoes of southern Iceland. The second line 
runs from south to north and contains the Myvatn and Vatnajokull 
A'olcanoes. Hot spring-- and sulphur mines occupy tlu* same lines, 
Avhich are also taken by mountain ranges and sulnnariiie reefs. 
Earthquakes run in the same directions. 

Eruptions are not so frequent as in the south of Europe. Hekla 
breaks out at intervals of seA'entA' to eighty years, other volcanoes 
cA’cii less frequently. 

Hekla. "The Cloak" (from the shape), the most famous of Ice- 
landic A’olcanoes, is ,'52 miles inland from the nearest point of the 
coast, and situated we-t of Torfajiikull. Its height is .5.108 feet. It 
is a longitudinally shaped mountain running soutliAvest to northeast, 
piled up of lava blocks, pumice, and ashes, Avith snoAv-filled craters 
standing in a roAv on top: it is an intermediate form lietAveen Vesu- 
vius and a crater chain. Parallel Avith it run other mountain ridges 
of palagonite. Iireccia. and tufa ( I.UOO feet to 1 ..j 00 feet ) studded Avith 
craters. The Xorwegian mineralogist, A. Helland. counted fourteen 
craters in a direct line near Hekla northeast to southwest, each Avith a 
hiA’a stream of its oAvn. "Wst fields of lava extend round Hekla in 
OA'ery direction. 

Of Hekla's eruptions eighteen are historically kiiOAvn, Avithont 
reckoning three or four eruptions from craters in its neighlaorhood. 

The tirst-knoAvn eruption of Hekla took place in 110-1. the last in 
187.5. One of the most violent Avas the sixth eruption, July 13. A. D. 
1300. "The mountain Avas ri\'eii asunder lengthways, and out of 
this yawning diasm rushed forth columns of fire and sti-eams of 
luA'a A\hicli ran nearly to the coast. 32 miles away, leaving here and 
iher(' in the IkJIoavs on its course lakes of li(|uid fire. The crater 
A'omited red-hot hiA'a blocks to an unprecedented height. They 
cooled suddenly in the air and hurst asunder Avilh a thundering 
crash. " " .V. strong southeaster carried the huge clouds of 

sand and ashes as far as bsQ miles from tlu> volcano, so that theA' 
lay thick on the ground all tliat distance. The ei'uption lasted on 
unbroken fur nearly a year. On December 28 such masses of sand 
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and ashes ivei’(> thrown np tliat. at a distance of i-I') miles, high hills 
and downs were formed by them, and a violent eartlnjuake laid waste 
the part of the district spared by the earlier eruption.” The ashes 
reached the north of Iceland. The air was darkened. Famine and 
loss of life followed and houses were shattered by earthquakes. 

The tenth eruption. Jidy 25, 1510. was so violent that huge blocks 
of lava were thrown out of the crater as far as Skiilholt. 25 miles 
distant, and men were killed there by them. In IMay, 15.51. at the 
time of the eleventh eruption, people were obliged to live in tents for 
the greater j)art of the summer on account of frequent earthquakes. 
The thirteenth eruption took place from January to IMardi, 151)7. 
Loud reports were heard for twelve successive days in the northniost 
parts of Iceland, and eighteen columns of fire were seen to rise 
simidtaneously from the mountain. The ashes covered about one- 
half of the island. In the fifteenth eruption which began May S, 
lG3f), thirteen craters broke out. The sixteenth eruption, in IGOS, 
may be compared to that in 1800, ami lasted from Febuary to August. 

The earth(|uake was felt on the high seas, and (uidangered ships. 
Clouds of ashes changed day into pitdi dark night, but glowing lava 
streams lit np the darkness with a red glare. Asia's were borne to 
Norway. The fall of ashes and downpour of rain lastt'd all the time 
till Easter. The cattle saved from instantaneous death, having to 
eat the singed grass under the ashes, suffered from a scorbutic dis- 
ease, and lost their teeth or j)erished." 

The eighteenth eruption commenci'd Sepiember 2. 1845, and continued 
for seven months. Halley says tlu* flames were seen in Orkney, d'he 
ashes were carried over to the Orkneys and the column of smoke 
ascending from the crater was found by the mathematician ({ 111111 - 
liigsen to reach a height of 14.000 feet. The lava stream was SO 
feet in depth and covered 8 to !> sipiare miles. It moved on, scooping 
up hills of sand and earth in its way, the red-hot liquid breaking 
forth now and then from under the cooled surface with violent 
crashes. The lava ejected is computed at 14.400 million cubic feet. 

The ticninsula of Ifeykjaiu's is volcanic throughout, containing’ no 
less than kOO volcanoes with alioiit 700 craters. I'lie ranges of 
volcanic peaks, some of which rise to 2.000 feet, run in the same direc- 
tion as the Hekla Kange. Thi'y are mostly extinct: six of them have 
broken out in historical times. A number of volcanic springs and 
chasms cleft by earthquakes are also found in the peninsula. 

Eldeyjar (Fire Isles) or Fiiglasker is a cluster of volcanic rocks 
situate 10 to 12 miles off the southwest point of Ih'ykjanes. Nine 
eruptions, the earliest in 1211. are known to have taken jilace in the 
bottom of the sea near these islets. In 178k. during the Skatita 
eruption, an island called Nyey (New Isl('). about 10 to 10 squar(' 
miles, appt'ared near the Eldeyjar. about 150 miles distant from the 
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seat of the eruption. This island was taken possession of by the Danes. 
'Fhe next year it had disappeared. The Geirfuglasker (or Skerrie 
of the Great Auk), one of these islands, was reported in 1881 to have 
sunk into the sea. 

Eldborg (Fire burgh, the fortress of fire) is a crater 179 feet high 
and 630 feet in diameter, in the middle of a flat plain, from which a 
lava tract, now called Borgarhraim. issued. It is the first crater 
mentioned in history in a state of eruption (Landnania. about A. D. 
900). From afar it looks like an old feudal castle rising in the midst 
of the plain, with battlements, alone and isolated. It rises gently till 
within about SO fei't of the summit, when it shapes itself into a steep 
and precipitous Avail of black, glazed lava, crowned Avith lofty 
battlements. 

Katla or Kotlugja, in the eastern part of Myrdalsjbkull, is a a'oI 
canic chasm coA’ered Avith ice betAveen the eruptions. It has burst 
thirteen times. Avith prodigious inundations, from 894 to 1860. These 
■■ glacier leaps " haA'e carried doAvn ma.sses of pulA'crized hiAui and 
alluvial detritus, filling up fjords and bays, altering the coast line 
and causing the land to encroach upon the sea. The first eruption of 
Katla (St)4) laid waste two districts. Kuins of the farms destroA’ed 
that year Avere found at the beginning of the seventeenth century. 
During its third eru[)tion, in 1245. glacier slips overran Sdlheimasan- 
dnr. The layers of ashes were half a foot thick. In 1311, fifth 
eruption, fifty-one homesteads AA-ei‘e destroyeil ami a Avhole ilistrict 
laid Avaste. In 1625, eightli eruption, ashes fell in Xoi'Avay. inunda- 
tions Avith ice Hoes, eartlujuakes, and columns of fire; lightnings lit 
the ilarkness of aslies. Pasture land aasis covered 2 feet deep Avith 
pumice. 1660, ninth eruption: Such aauis the quantity of stones and 
detritus borne doAvn Avith the glacier slide that a dry beach was 
formed Avhere formerly peojjle fished in a depth of 120 feet. The 
coast line Avas pushed over ('>.000 feet out into the sea. The ice blocks 
sAvei)t a church aAvay and it sailed out to sea in the midst of them. 
1 121, tenth eruption : The ice blocks of the glacier slip Avere groumled 
in a d(q)th of 400 to 500 feet. 13 to 14 miles out at sea ; a grassy 
ridg(> of laml AAas sAA'ept aAvay and in its place Avas left a polished 
slab of rock (>,750 square fathoms. The ashes fell so thick that at 
farms Il.t miles distant from the crater light aauis obscured so as to 
mak(> the reading of print imjio.ssible. 1755. elcA'cnth eruption: 
Pocks of the size of a house AAere end)edded in ice blocks carrieil to 
sea. I ire and Avater i.ssued from three craters, accom}ninied AA'ith 
such terrific explosions that people thought the country Avas being 
bloAvn ip). A hail of burning stones and balls of fire fell. In the 
night eveiything seemed on fire and the air Avas filleil Avith a sul- 
phurous smell : fifty farms AA’ere destroyed. The south part of the 
country Avas coAcred Avith a layer of ashes one-half to 4 feet thick. 
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The Sollieima Glacier seemed to rise and sink violently. It sometimes 
seemed to be raised double its height from the ground. 

Erujitions of a magnitude unparalleled on earth in historic times 
took place from a chain of 100 craters, 20 miles long, about the Valley 
of Varniardalur, near the sources of the Skapta, to the northeast 
of MyrdalsjOkull. The lava covered an area of 220 sf[uare miles, 
and the volume of lava ejected is estimated by Lyell, in his Princi- 
ples of Geology, to be equal to that of Mont Blanc. Thoroddsen 
puts it at 15 million cubic meters. The eruption lasted from June, 
1T83. to January, 1781. The greatest length of the lava stream, 
vhich passes down the channel of the Skapta and I’eaches Hnansar 
in Medalland, is IT miles, greatest breatith 15 miles: the length of 
the second lava stream in the channel of Ilverfislljdt is o\er 10 miles, 
breadth !) to 10 miles. In places it fills valleys and chasms of a 
depth uji to (iOO feet, yet its average depth here is only 20 to 30 
feet. It is said that 37 farms were destroyed and 100 people lost 
their shelter. Famine and scorbutic diseases raged, and animals 
died in great numbers; 0.33i> persons peridie<l, about one-fifth of 
the population. The loss of horses is reported to liave l)een 2S.013, 
or 77 per cent of all horses in Iceland; that of cattle 11.401, or 53 
per cent ; and that of sheep 190,488. or 82 jicr cent. The mass of 
matter ejected is computed at 50.000 million culiic yards. 

Along the borders of Vatnajilkull volcanic ernjitions liave often 
taken place. Its greatest volcano is OraefajOktdl, which has broken 
out three or four times with formidable glacier sliiis. In the middle 
of the fourteenth century — the annals disagret' as to the date — the 
ice covering the top of the mountain rushed down in a violent tor- 
rent toward the sea, bearing along with it so much of stones, sand, 
and detritus that a sheet of water having a depth of ISO feet was 
changed into a dry. sandy beach. Five fertile districts were totally 
laid waste. Forty farms and two churches were swept awav out to 
sea, with all that was in them, in a few hours. Pumice ami ashes 
wore carried into the north and west of Iceland 200 to 300 miles. 

Its third or fourth eruption took place from August 3. 1727, to 
May 2;), 1728, from five to six rifts in the glacier. The people had 
to camp out. and walked about with tubs on their heads, as the air 
was filled with burning embers. 

The lava desert, Odaoahraun, which is l,7O0 .^quan' miles in extent, 
has many craters, mostly unexplored, except those of the Dyngjufjiill, 
the largest volcano in Iceland. 4.500 feet in height, east of the center 
of the desert. These motintains inclose a circular valley or crater. 
A^kja I the badcet), 25 square miles in area, a vast crater, 17 miles 
inner. 24 outc'r circumference — a mountain Imilt up by imiiinierable 
lava tlows and upheavals to 3.SU0 feet, or 2,.‘>O0 feet above Odafiah- 
laun. Its bottom is :1.100 to 3,.300 feet above sea level, inclining east- 
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ward 1° 2(5' toward the month of the valley which opens into the 
surrounding- lava tracts. Many active craters stud its bottom. An 
eruption took place here in ISTa. In the southeast corner of this val- 
ley is a dip 800 feet deep in the ground, in which there is a round, hot 
lake, having a temiierature of 72° F., and 4.000 feet in diameter when 
it was found in 187(5. In 1884 it filled the whole dip and had become 
10,000 feet long, ljut its temperature was only 515° F. 

On March 20. 187.1, an eruption covered the whole of eastern Ice- 
land with pumice and ashes. The crater from which the eru])tion 
proceeded is situated on the northeast edge of the dip, 300 feet in 
diameter, 110 feet in depth. Its exterior is a slope filled with ashes; 
its interior is round and perpendicular. It is now a mud caldron, 
which no longer emits steam, l)ut goes on boiling, in ([uaiiit colors, 
depositing sulphur. Craters in this lake emit steam, with thundering 
noises, sounding in the far distance like the simultaneous letting otl‘ 
steam from innumerable pipies. Thoroddsen says: 

Nutui-i' is here .itrauilei- and more ovev.-iwim' than in any place in Iceland I 
have seen, lie who once has stood on the edire of this earthdip will m“V('r foi-cet 
the sifrht. 

The steam pressure seems to have converted all the lava in this 
eruption into pumice and ashes. 

Mortlieast of the Odaoahraun is a mountain range in which the, 
volcano Dyngja, which has given name to the whole group of moun- 
tains. is situated. It is 3,(500 feet high. The original crater is 1.100 
to 1.(500 feet in diameter and half filled with lava, from which 12 
cohmms of las'a rise. In the midst of these is a crater 4.100 feet in 
diameter. (500 to 700 feet deep, with a terrific and startling look down. 
Xorthwest of this Dyngja is another volcano, also called Dyngja 
(northern Dyngja). 

North of the Dyngjufjiill in the lava tract My vatns-iiraefi (the 
desert of the Mos(|uito I.ake) an eruption took jdace in 1871, near 
Sveiiiagja. A rift 0 mih's long appeared, along which some crater 
cones, 70 to 10.8 feet high, shot up and spnsid lO.OOO ciiliic feet of 
lava over the plain. 

No spot in Iceland is so crowded with craters, lava formations, sol- 
fataras. and hot springs as the mughborhood of laike Myvatn, espe- 
cially on its eastern shore. It is so thickly studded with extinct vol- 
canoes and remainders of })rehistoric convulsions as to look more like 
a lamDcape in the moon than anything else. 

Eruptions took place there with short iutiu-vals in th ^ years 1724— 
175)0. The chief volcanoes are Kratla and Leirhiuikur (Clay Peak) 
in a palagoiiite ridge running from south to north. Of tlnwe erup- 
tions those from Leirhnukur have l)een the most formidable. 

In an eruption of Krafla, (May 17, 1724, great masses of volcanic 
matter issued from an explosive crater called " hell " (Vlti). 1,030 feet 
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in (liiinieter. Xo lava was ejected. The fame of this volcano is derived 
from its ci'ater of boiliiio’ clay, now a round lake with green cold 
water. Close to the crater are sulphur and mml springs." 

Iceland has another and greater claim to your interest. It is, as 
William INIorris said, the Greece of the Xorth. It produced in the 
twelfth and thirteenth centuries a literature unjiaralleled after Rome 
before the golden age of England and France, in character drawing, 
in ])assionate dramatic power, in .severe, nolile simplicity, in grim 
humor. All tln> characters of the Sagas live ami move to-day. Every 
hill and headland and valley in the island is full of their presence. 
The Icelander of to-day knows them uy heart. It is as if every Eng- 
lishman. from jiauper to king, knew Shakespeare's historical plays 
and could retell them more or le^s in his or her own words. It has 
kept the national pride alive through evil times. It has preserved 
the language almost untouched by time and foreign intercourse. 

Xowlu're is the contrast between man and his .surroundings so 
glaring as in Iceland. Buried in snow and darkness. de|)riveil of 
every comfort, living on rancid butter and dried fish, drinking sour 
whey and milk, dressed like his servants, seeking in a little boat his 
food, yet a cultured mind. i)ossessing an intimate knowledge, not only 
of the history of hi^; own country but of Greece and Rome, a poet 
fond of throwing off satires, intellectually and morally the capial of 
his European guest, considering himself your ('qual and refusing 
to be ordered about by a rich Englishman, owner of several s(iuare 
miles of land and hundreds of sheep, with a ]i('digri>e going farther 
back than that of his visitor, a jack-of-all-trades. a blacksmith in 
his smithy, boat builder and carpentt'r. an arti-t in filigree work, a 
carver in wood, an eager reader of book-. lie has universal educa- 
tion up to the degree to which it is useful for a inan. There are no 
schools in Iceland, yet every child at 1’2 can read, according to th(> 
parish statistics. In no country in Europe are so many books printed 
and sold, in proportion to the po|)ulation. A population equal to 
that of Hampstead, T<i.000, lias 12 pi-inting presses, the earliest being 
established as far back as l."j:>0. About 100 books annually, 14 iK'WS- 
jiapors. and S periodicals are produced to satisfy the literary needs of 
this little nation. 

Yet this literary peojile still live in a pastoral and Homeric civiliza- 
tion which is a modern le.-son of the healthfulness of human life 
lived in close contact with the free, wild life of naturt'. such as would 
have delighted the heart of Rousseau or Thonaiu. .Vs a proof that 
this life is healthy I give the example of a clergyman who died four 
years ago. 11:; years old. ha ving managed to li\'e all his days luadthy 

"Mr. Stef.-ui-on j;ives in bis artielt' .a tabiilatecl st;itenient. hero einitteU, nf 
erinitions ol tlie vdleuiiDos nf leelaiul from about the year tlOO to ITgS. 
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and hapjiy on £"50 a year, the average stipend in the Icelandic church. 
The sheep yield food and clothing. Their wool is iiulled off in 
spring, carded, spun, woven in hand looms, and worn undyed. You 
make shoes of their skin and spoons of the horns. Every opportunity 
is seized for the telling of stories and reciting of poems. Only the 
milk ewes are kept at home in summer to be milked, the rest of the 
shee 2 ) are gathered in from the mountains in autumn, notice being 
given at clmrch from the indiiit. These autumn gatherings, with 
jieojffe sitting on the walls of the stone inclosure telling stories, are 
quite Homeric. The winter evenings with each member of the family 
busy at work in the same room: the men shaving the wool off sheeii- 
skins on their knees, making roiies and nets of hair, the women using 
s^iindle and distaff', embroidering, etc., afford a still better oiqjortunity 
for stories and jioems. 

There are even wanilering minstrels who gain their livelihood by 
reciting jirose or ^loetrv, which they know by heart, at various farm- 
houses till they e.xhaust their stock. 

To conclude with a few statistics, the annual trade of Iceland is 
worth close on £1.000.000. exi)ort and import together. The jirinci^ial 
articles of export are salted codffsh, wool, mutton, and eiderdown. A 
large and increasing jiart of the trade is witli (Ireat Britain. In the 
fifteenth century all the foreign trade was in English hands. Henry 
VIII negotiated with Denmark in l.MS and l.'iSo for its transfer to 
England, and its economic and strategic inq)ortance to Great Britain 
has been set forth as late as 18d;'> in the Quarterly Review by Sir 
George Mackenzie and Sir William Hooker, who hekl that Iceland 
ought to be a British possession. It has been declared by exjierts 
that the fishing grounds of Iceland are licher than those of Xew- 
foundland. and. though they are much nearer Great Britain, their 
annual yield is not more than £2.000.000, because they are not worked 
as they ought to be. 

For close on four hundred years Icelaml was an aristocratic repub- 
lic, ruled l)y the great families of the early settlers, among whom was 
a Norse (jueen of Dublin. A fourteen days’ oj)en-air Parliament of 
all Iceland met annually in June at Thingvellir, and the s})eaker of 
the law (h'ig-siiguman) used to recite from memory the whole of the 
unwrittcui, elaborate code of laws of the country to the assembly. 
In 12(i2-12(i4 Iceland was united to Norway, and in 1380 with 
Norway to Denmark. The Danish rule ruined the island, economic- 
ally. but since the gi'anting of self-government and the reestablish- 
ment of the old Parliament in 1874, at Reykjavik, great jirogress has 
b(‘en made. The revenue of Iceland is now six times as large as 
twenty-(‘ight years ago. and it is jirobably the only country with no 
debt, but with 1,000,000 crowns of savings in its exchequer. Yet 
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iiioro has been expended on the ways and roads of the island since 
1874 than in all the centuries down to that date. The Icelanders are 
keen ^loliticiaiis. Women have been in possession of the municipal 
vote earlier in Iceland than in any other country, and they do not 
change their names when they marry. The Parliament (Althing) is 
composed of an upper house of Iji members and a lower house of d4. 
A minister for Iceland is to reside at Reykjavik in place of the gov- 
ernor, who at present is the highest official in the island and forms the 
link between the Crown at Copenhagen and Parliament at ‘Reykjavik. 

The Icelanders are a religious and God-fearing people, but very 
averse to parsons' rule. It is a habit to criticise the sermon when you 
shake liands with the clergyman after the .service. There is little 
crime. It is lawful for a farmer to steal his neighbor's hay when 
his cattle refuse to eat his own hay, and for this stolen food the 
cattle are said invariably to find an excellent appetite. 

II. 

The earliest inhabitants of Iceland in historical times were Celts, 
who called the island ThuJc (Thyle. Thile). The Greek traveler, 
Pytheas of iMassilia, made voyages of discovery in the northwest 
of Europe in 330-;k2(J B. C. lie relates that he had found the north- 
most country of the world, '• Ultima Thule." of which ho gave a 
somewhat fantastic description. We only know of this discovery 
of Pytheas through the (piotations of the Greek geographer. Strabo, 
and other ancient writers. IStrabo himself seems to have got his 
knowledge of it not from Pytheas. but indirectly through tin' his- 
torian Polybius. Yet it is possible that Strabo may have seen 
Pytheas's own account, which, however, has been lost. All descrip- 
tions and accounts of Ultima Thule found in writers l)efore A. J). 

are indirectly derived from Pytheas as a ])rimarv source. It is 
true that Bede (died A. U. 735) mentions Tlude three times in his 
writings, and his description of its site is suitable to Iceland, but he 
may have taken his account from Plinins, who. again, derived his 
from I’ytheas. It is more probable tliat Bede heard of Iceland from 
monks in the British Isles who had been there. 

The first undoulked account of the discovery of Iceland is found 
in Chapter VI I of I)e ilensura Orbis Terra', by the Irish monk 
Dicnil, written in A. D. 825. He stated that thirty years ago — i. e.. 
7!>5 — .some monks told him of their stay in Iceland. There is noth- 
ing in the passage to show that the island had not been discovered 
long before 7h5 or that it was oidy visited by monks: on the c'oii- 
trary. for Dicnil says it is untrue A\hat others say that the sea 
arouuu Iceland is frozen, etc. 
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Diciiil thinks this island is Pytheas's Thule, and this seems to have 
been the name given to the island when it was discovered by the Celts. 
We may. then, take it for certain that Iceland was called Thule by its 
earliest inhabitants. 

The Norwegian heathen settlers who followed in the latter half 
of the ninth cent nr v found hooks, bells, and croziers left behind by 
the monks who fled from the island at the approach of the vikings; 
but these and a few place names, such as Papey, Papyli. Papos. are 
the onlv traces left of these early settlers. They were called “ Papar ” 
by the vikings. 

It is doiditful whether NaddoS or Gardar was the first Scandi- 
navian discoverer of Iceland, aljout A. D. 8t>0. Paven-Floki, who 
let loose three ravens in mid-ocean and sailed in the direction in 
which thev flew, was the next to go there, and called it Iceland, 
because from a mountain top in northwest Iceland he saw a fioi’d 
full of drift ice. The first Xorwegian settler in Iceland was Ingolf 
Arnarson. a chieftain, in A. D. 874. AVhen in sight of land he threw 
the jiillars of his own high seat overlioard and settled where they 
came ashore, on tlie advice of his gods, as lie believed. AVhen. after 
the battle of Ilafursfiord. 872. Harold Fairhair became undisputed 
King of all Xorway and subjected the free chieftains and noblemen of 
the country to taxation, they preferred to emigi’ate. For sixty years 
the men of the best blood in Norway flocked to Iceland. Each chief- 
tain took with him earth from below his temple altar in the mother- 
land. huilt a new temple in the new country, and took iiossession of 
land by going round it with a burning brand in his hand. He depos- 
ited on the altar the holy gold ring which he was to wear at all cere- 
monies. Until a I'arliament for Iceland was established in !):A0 these 
chieftains were the rulers of the island, each in his district or land- 
take (land-nam). as it was called. 

rEiuoDs or Icelandic history. 

I. The Commonwealth, A. D. S70-12G4. The Eddas. The 
Sagas. 

II. The Norwegian time, A. D. 121)4—1400. Copyists and 
annalists. 

III. The English period. English influence being paramount. 
A. I). 141?.-ir.20. 

lAh The Keformation. the sixteenth century. 

A'. The Ivenaissance. the seventeenth centurv. 

A'l. The Stagnation, the eighteenth centurv. 

A"II. The Independence Movement and its victory. 18-30-190.'). 

Few Englishmen are aware that there is a British colony in the 
Atlantic which has never owed allegiance to the British Empire. 
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which was a republic for about four centuries and during that time 
produced one of the great literatures of the world, which is larger 
in area than Ireland by one-fifth, and which is only 450 miles dis- 
tant from the nearest point of the northwest coast of Scotland, Cape 
lYrath. This is Iceland, fully one-half of whose settlers, in the 
ninth and tenth centuries, came from the northern parts of the Brit- 
ish Isles — Scotland. Ireland, the Helwides, and Orkney — and were 
partly Xorse and partly Gaelic in blood. 

Fewer still are aware that the long constitutional struggle of Ice- 
land is at an end, Denmark having conceded all its demands. To 
understand the present stage of this question it is necessary to tell 
the history of the ])ast. 

Iceland was settled and colonized in the years 870-!):30. partly by 
Xorwegian chieftains who left Norway because they would not sub- 
mit to King Harold Fairhair, and partly by the kinsmen of these 
chieftains and by others from the northern parts of the British Isles. 
We possess the record and genealogy of about 5,000 of the most 
prominent of them in the L<m(hi(hnah(k\ or Book of Settlement. No 
other nation possesses a similar full record of its beginnings. 

A republic or commonwealth, with a constitution and an elaborate 
code of laws, was established and lasted till A. D. 12(>’2-1204, four 
centuries if reckoned from the settlement — the longest-lived of repub- 
lics. Eoiiie alone excepted. 

The chieftains, go6is, who presided not onl}^ at meetings but at 
temple feasts and sacrifices, and were thus the temporal and spiritual 
heads of their dependents, sent Hlfliot to Norway to inquire into the 
laws and make a constitution for Iceland. lie accomplished it in 
three years. According to this, in 030. a central Parliament for all 
Iceland, the Althing, was established at Thingvellir. in southwest 
Iceland, and a “ law speaker ” was apjiointed to “ speak the laiv."' 
In 064 the number of chieftaincies, go5r6s, was fixed at 39, 9 for 
each of the four (piarters into which the island was divided, excejit 
the north (piarter. which was allowed 12. The Althing, as a court 
of ajipeal. acted through four courts, one for each quarter. There 
was also a fifth court, instituted in A. D. 1004. which exercised 
jurisdiction in cases where the other courts failed. For legislative 
purposes the Althing acted through a committee of 144 men, oidy 
one-third of whom, viz, the 39 go6is and their 9 nominees, had the 
right to vote. The 9 nominees were chosen by the goois of the south, 
west, and east quarters, three by each quarter, to give each of these 
(juarters the same number of men in the committee as the north 
quarter had. Each of these 48 men then appointed two assessors to 
advise him, one to sit behind him. the other to sit in front of him, 
so that he could readily seek their advice. Thus the committee of 
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144 was made up. and it was called " loi/n'-tta" (amending of the 
law). 

After the introduction of Christianity, in A. D. 1000. the two bish- 
ops were added to the Ibgi etta. while the sole official of the Eepublic. 
the law speaker, used to preside. It was his duty to recite aloud in 
the hearing of all present at the Parliament the whole law of Iceland, 
going through it. in the three years during which he held office, at 
the annual meeting in the latter half of June, which generally lasted 
a fortnight; also to recite once a year the formulas of actions at 
law — all from memory, for no laws were written down till about 1117. 
When any question of law was in dispute, reference was made to him, 
and his decision was accepted as jinal. Foi’ his labors he received an 
annual salary of liOO ells <jf vadinal (woolen cloth) and one-half of 
the fines imposed at the ,\.lthing. lie was the living loice of the 
law (rti'ii CO,,- jin/.s). I)ut he was neither judge nor magistrate, and 
did not open the Althing or take the responsibility for keeping order 
at it, for that was done by the gooi. within whoso jurisdiction the 
Althing met. He enunciated the unwritten law. accepted by all. 

The go6is and their nine nominees sat on the four middle benches, 
arranged round a central square, twelve on each, while the two asses- 
sors of each of them sat. one on the bench behind, the other on the 
bench in front of him. The Ibgretta made, modified, and applied 
the laws. Decisions were carried by simjile majority, though the 
minority must not consist of more than tweh e members. If a reso- 
lution of the liigretta infringed the rights and inteii'sts of any free- 
man, he could veto or suspend it by appearing in ptuson. It was one 
of the numerous precautions taken to guard the ancient jialladium of 
personal liberty. It was a counterjioise to the al)iise of oligarchy. 
The whole nation, through any of its members, had. in the last 
instance, the right to take part in the dclilierations of the Althing. 

The liigretta published and interpreted the laws through the law 
speaker. He could be consulted at any time of the year on a point of 
law. being its official intei’preter. If a law was passed by in silence 
and not recited publicly by him for three years — i. e.. for his term of 
office — it was abolished, provided that no remonstrance was made. 
The only trace there was of central power in the island resided in 
him. but as ho had no executive power it was next to none. 

After the Althing the new laws and other matters of jmblic impor- 
tance were proclaimed at a " thing.” held in each " thing " district of 
Iceland, and called “lei6.” There was another “thing” held in the 
spring, dealing with local matters and preparing for the Althing. 

The source of the English trial byjuiwis the Icelandic kvi5, and 
the English juries cle vicineto in the thirteenth century correspond 
with that form of trial. 
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At the Althing of A. D. 1000 n debate took place about the intro- 
duction of Christianity. The Christian chieftains supported the 
envoys of King Olaf Tryggvason, of Xorway. and the heathens, to 
avoid civil ivar. agreed to submit it to the decision of the heathen 
law speaker. Thorgeir, ivhether the Christian religion or the old 
faith should prevail in Iceland. For three days and three nights he 
lay quietly in his tent thinking over the two religions. On the fourth 
day he stood forth on the law mount, or hill, and declared that they 
were to Ije baptized and call themselves Christians, the temples to be 
destroyed, but those who liked to sacrifice at home to the old gods 
might continue to do so. and a few heathen customs were to be per- 
mitted. The peotile accepted this; only the men from north and east 
Iceland refused to be immersed (baptized) in cold water, so the hot 
springs at Eeykir ivere used for the rite. 

Two Ifishops' sees ivcre established, at ►Skaholt in 105C and at 
Holar in 110(1. subject successively to the metropolitan sees of Bremen, 
Lund, and Thrandheim. d’he l>ishops were elected at the Althing 
until the archljishoi) of Thrandheim aiipointed Xorwegians in 1237. 
Two l)ishops, St. Thorlac and St. John, were l)y a public vote at the 
Althing declared to be saints, after a thorough and searching inquiry 
into the miracles they had wroiiglit. Thus the Icelandic Church was 
a church of the people for the jieople, and Home had little power in 
the island. Celibacy was never accepted by it. In the twelfth and 
thirteenth centuries six Benedictine and five Augustinian cloisters 
were founded, all centers of learning and culture. The greater part 
of the Icelandic Sagas is supposed to have been written or at least 
copied in them. The oldest was the Benedictine cloister at Thin- 
geyrar. 113.3 ; next. Thverh. ll.l.l, also Benedictine. The Icelandic 
monks wrote in Icelandic, not in Latin, as all their brethren on the 
Continent did. They were intensely national and handed down with 
scrupidous care even the records of the heathen faith. But it was 
owing to disputes about the jurisdiction of the clergy that the King 
and archbishop of Xorway were able to set chieftain against chief- 
tain and undermine the Icelandic commonwealth, disputes similar 
to those which Thomas a Becket. of Canterbury, carried on with 
Henry II half a century earlier, and which are recorded in the Ice- 
landic Thomas Saga. 

The two centuries and a half which followed the introduction of 
Christianity were the greatest period in the history of Iceland. A 
great literature, especially the Sagas, came into being, while the Con- 
tinent. with the single exception of the Provencal Troubadours, ha,d 
nothing better to show than monkish annalists. At the courts of 
Xorway, Denmark, Sweden. Dublin. England, and Orkney, Icelandic 
poets were the chief or, usually, the only singers of heroic deeds. It 
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was an outburst of literature such as the world had not seen since 
the downfall of Rome. 

By degrees the chieftaincies, goSorSs, which passed not only by 
inheritance, but also by gift or sale, came into the hands of a few 
great families. In consequence some chiefs became masters of large 
districts, and. like feudal lords, rode to the Althing with an armed 
body of retainers, numbered by hundreds. The old blood feuds 
became little wars conducted by armies that engaged in battles. 
Disputes about the jurisdiction of the church iirovoked interference 
by the Metropolitan See of Drontheim. which appointed the two 
Icelandic bishops of Holar and Skalholt. Internecine civil wars, 
lasting through the first half of the thirteenth century, e.yterminated 
some of the great families who had monopolized the chieftaincies. 
The IVars of the Roses in England (1165-1185) are a close jiai'allel 
to these wars in Iceland. 

The kings of Norway had always held that the Icelanders, as Nor- 
wegian colonists, ought to own their supremacy. Olaf Tryggvason 
and St. Olaf had in vain labored to win the Icelanders over to this 
view. King IRikoii Ilakonson (1217-1263) now suborned chief 
against chief. The great house of the Sturlungs had perished at the 
i)attle of Orlygsstad. Iii3s, and Snorri Sturluson, the greatest his- 
torian and writer that Iceland has produced, was murdered at Reyk- 
jaholt in 1241 at the King's instigation. The one leading man of 
the family left alive, Thord Kakali, was called away to Norway. 
By bribes, by persuasion, by sending Icelandic emissaries through 
the island, by winning over the most powerful chief in Iceland, 
Gizur Thorvaldsson. it came abotit that the Icelanders, of their own 
free will, in solemn parliament, made a treaty of union with the 
King of Norway in which they accepted his supremacy: the .south, 
west, and north quarters at midsummer 1262. one year before the 
battle of Largs, when Norway lost her colonies in the west; the 
powerful family of the Oddaverjar in 1263. and the enst quarter in 
1264. the date of the summoning of the first Parliament of England 
by Simon de Montfort. 

The treaty of union, a^ passed by the Althing, enacted that a jarl 
should rejuesent the King of Norway in Iceland: that the Icelanders 
should keep their own laws and keep the power of taxation in their 
hands; that they should have all the same rights as Norwegians in 
Norway: that at least six trading ships should sail from Norway to 
Iceland annually : that “ if this treaty, in the estimation of the best 
men (in Iceland) is broken, the Icelanders shall be free of all obli- 
gations toward the King of Norway." This treaty is the Magna 
Charta, the charter of liberty of Iceland. It has sometimes been in 
abeyance, but has never been abolished. It has sometimes been dis- 
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regarded by Denmark, when it wished to make Iceland a Danish 
province, but the people of Iceland have always taken a hrm stand 
upon it. 

There never was more than one jarl in Iceland. Gizur Thorvaldsson, 
Avho died in 1268. The old code of laws. Gragiis. elaborate as the 
Codex Justinianus. and going beyond it, e. g.. in the mutual insurance 
of each commune against fire and against loss of cattle, was rejdaced 
in 1271 by a Norwegian code, the Iron.side, Jarnsida. Two law men 
(logmenn) were to govern the country, and the Logretta was limited 
to its judicial functions. The Althing refused to accei)t the new 
code, though it was brought from Norwai' by the greatest author of 
the latter half of the thirteenth century, Stiirla Thordarson. A new 
code, Joiisbdk, which was a compromise code brought by the law man, 
Jon Einarsson, to Iceland in 1280, was accepted at the Althing of 
1281, with some alterations. It is called "Jonsbok." after Jon 
Einarsson, and is still, in parts, the law of Iceland. 

Iceland was divided into " syslas," or counties, administered by 
sheriffs (syslumenn) appointed by the King, and the place of the 
local •Ghings ■■ was taken by bailiff's (hrcppstjdris) . mainly con- 
cerned with the iioor law ami tax gathei'ing. Tlie estates of the 
vSturlung family were contlscated by the King. Trade languished, 
and the black death, in conjunction with great volcanic eruptions, 
brought Iceland to the verge of ruin. As soon as Norway became 
united with Denmark through marriage in l-'lso. the treaty of union 
was more or less disregarded, and the Icelanders were so broken in 
spirit that they meekly sultmitted. 

The fifteenth century is looked upon as the darkest age of Icelandic 
history. Denmark confined all Iceland trade to tlu* one port of 
Bergen, in Norway, and the English trade with Iceland, which began 
about 1412. was carried on in defiance of edicts fix)m Gopenhagen. 
Soon the English Imccaneers took the law into their (;wn hands and 
arrested all Danish and Norwegian officials who tried to prevent their 
trade. The Icelanders seem to have taken the English side in these 
quarrels, and about 1430 the two bishops of Iceland were each English- 
men. At one time Iceland was actually held by the English who built 
a fort in the south of the island. A number of English words came 
into the Icelandic language, and are in it to-day. By favoring the 
Hanseatic traders, Denmark finallv succeeded in oustinir Enelish 
trade from Iceland, but the English fishing fleet, the so-called “ Ice- 
land Fleet," continued to fish for cod and ling on the shores of Ice- 
land during the whole of the sixteenth century. As late as 1593 
fifty-five ships sailed for Iceland from Essex. Suffolk, and Norfolk 
alone for this purpose. Henry YIII negotiated with Denmark in 
1318 and 1535 about the transfer of Iceland, the interests of England 
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ill tliiit island being of great importance. The House of Commons, 
ill one of its petitions to the King, states that the realm will lie undone 
unless the fish supply from Iceland is regular. Both Henry VIII 
and Elizabeth had Iceland tish on their table at least twice a week, 
and special commissioners selected the best fish out of every ship on 
its return from Iceland for the court. 

The Beformatioii came to Iceland about the middle of the sixteenth 
centiirv, and was resisted by the Bishop of Holar. Jon Arason, a 
well-known poet and popular leader. At last he was taken jjrisoner 
in a battle and jiiiblicly executed, with his two sons, in l.^oO. Thus 
the Eeformation was forced by the Crown on an unwilling people. 
The New Testament in Icelandic came out at Holar in l.iSd. The 
woodcuts and some of the font of type of this fine work were made by 
Bishoj) (rudbrand Thorlaksson witb his own hands. The translation 
of the Old Testament was also made by him. 

The printing i)res-~ woke the national spirit. Arngrimur Jonsson 
Jit the end of the sixteenth century rediscovered the treasures of the 
past and brought them to the knowledge of Europe in his Latin 
writings. His Brevis Commentaritis in l.'iDJ and his Crymogaea in 
1C09 Mere known and partly translated all over Europe. It was at 
the beginning of the Kcnaissance of Old Icelandic literature. The 
learned d’hormod d’orfaeus { ICiJn-lTlb), jin Icelander tvho was 
the historiogfiiphor of the King of Denmark, continued Arngrim's 
work. I'he Icelandic iintiipuiriaii. Arid Magnusson (died 1730), 
diligently rescued every scra|) of old nuumscript to be found in 
Iceland, and founded the magnificent Arna-Magnaean collection in 
Copenhagen, devoting all his life and money to it. It is due to him 
more than to any one man that the old literature of Iceland has been 
jireserved. 

The Hanseatic trade was succeeded by a Danish monopoly of trade, 
tvhich compli'ted the economic ruin of Iceland. Algerine pirates 
appeared otl the coast and carried off hundreds of jieople into slavery 
in l(r_!7. Smalljtox caused the death of one-third of the population 
in ITOT, a famine raged in IT.")!*, and the volcanic erujitions of 
and 178;i laid waste large tracts of the island. Nature seemed in 
league m 1th man to render Iceland uninhabitable. 

During the tvar betwemi England :ind Denmark, 1S07-1S14, Eng- 
lish ])riv!iteers prevented Danish ships from reaching Iceland, and a 
famine would have resulted if Sir Joseph Banks, tvho had visited 
Iceland in 1772. had not by an order in council got Iceland specially 
exempted from the war. 

The national movements in Europe in the first half of the nine- 
teenth cejiturv I'eached the shores of Iceland, and a band of patriots 
began a jiolitical struggle to win back the old freedom. On March 8, 
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1843, cX deliberative eoiiiieil was established in Iceland, and when 
Denmark had got her own free constitution, a national assembly, a 
“ constituante ” met in July, 18.51, at Reykjavik. Denmark proposed 
to extend her constitution to Iceland, which was to send six members 
of Parliament lo Copenhagen. But a committee, under the leader- 
ship of Jon Sigurdssoii. who was expially eminent as historian, anti- 
quarian. and politician, declared that as Iceland, by the treaty of union 
in 12(!2, entered of her own five will into union with the Crown, on 
cei'tain conditions, she claimed, not provincial independence as pro- 
posed by Denmark, but a sovereign status, taxation, a high court, 
ministers in Iceland resjxonsible to the Althing; in short, personal 
union. The constituent assemldy was dissolved or dispersed with 
threats of militaxw intorfei'ence. but this coxistitutional struggle went 
on under the leadership of Jon Sigurdsson, until the King of Den- 
mark came to Iceland in 1874 with a constitution which was a com- 
promise. From 1874 to 1000 moi'e than fifty bills passed by the 
Althing were vetoed at Copimhagen. where the Danish minister of 
justice Avas simultaneously minister for Iceland. At last, in 1002, a 
new liberal goi’ernment at tlie Danislx capital conceded all the de- 
mands of Iceland. An Icelandic mini'-ter for Icelaml now re, sides at 
Reykjavik, solely responsible to the Althing. The King can veto a 
bill only on his advice. 

Thus the geographical isolation of Iceland, instead of relegating 
her to oblivion, has given her an op[)ortunity to jxlay a part on the 
stage of history as an asylum for the (»ld institutions, faith, and cus- 
toms of the Teutonic race. With the language of the tenth centiuy 
unaltx'red. it is to-day a living Pompeii ivliere the northern races can 
read their past. 



THE RECENTLY DISCOVERED TERTIARY VERTEBRATA 

OF EGYPT.” 


By C. \V. ANDREWr.. 1). 8c., F. U. 8. 
Briti.'^h Miisctnn <\uturiil Histunj). 


A.s in most branches of science, tlie growth of our knowledge of the 
fossil verlehrates of the world takes place, as a rule. Iw the slow 
accumulation of isolated facts; luit occasionally some fortunate dis- 
covery not only leads to the bridging over of long-recognized gaps, 
but also throws much light on points the significance of which was 
])reviously oltscure. I'lie discovery that the remains of terleltrates 
are comparatively common at several horizons in the Tertiary forma- 
tions of Egypt was such a happy chance, and has resulted in the solu- 
tion of .several long-outstanding problems. 

Until within the last few years the paleontological history of 
Africa, so far. at least, as the mammalia were concerned, was an 
almost c()ni[)lete hlauk. It is trtie that so long ago as 1S7.") Owen 
described the occurrence of a primitive Sirenian in the Middle 
Eocene of the iMokattam Hills, near Cairo, and a few years later 
Sehweinfnrth discovered bones of Zeiiglodonts in the Middle Eocene 
deposits of the Favum; lait in both instances the animals in ([uestioii 
are of a(iuatic habits, and thereft)re throw no light on the manmialian 
fauna of the Ethiopian land mass that mtist have existed throughout 
Tertiary, and probably also .Secondary, times. 

The highest horizon in the Egyptian Tertiary beds at which verte- 
Itrate remains are found is the IMiddle Pliocene, beds of this age 
occurring in the IVadi Natrun. a depression in the Libyan desert 
.some ()0 miles from Cairo. From this locality collections have heen 
made by Captain Lyons and Mr. Beadnell. and also liy Doctors 
Stromer and Blanckenhorn. They have been descrilx'd by Doctor 
Stromer and the j^resent writer. The chief mammals recorded are 
Iltpixtrion, Illppopotitiinix. LihjitJuriiiiii or S(ini(ithi:r(iuit.i\w\ Mdxto- 
<h/n. as well as carnivora, including a saher-toothed tiger and mem- 
bers <jf the Canidac I^utriiue. and I*hocid;e. The ne.xt bone- bearing 

« Reprinted, liy perniissiiiii, witli author's eorrectioiis. from 8<-ipn<-e T’roeress in 
the Twentieth Century, No. 4. April, inoT. Boiidoii. -John Murray. 
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horizon is the Lower Miocene, fluvio-marine beds of this age at 
Mogara, about IhO miles west of ('airo, and the Wadi Faregh. nearer 
the Xile Valley, having yielded a lunnher of interesting forms. Of 
these, BracJiyudas afrlcanns. an animal closely allied to Ilyopottanus. 
bones of which are common in the Oligocene lieds of the Isle of 
Wight, was discovered in 189S by Doctor Blanckenhorn, and seems 
to be the first Tertiary land mammal recorded from Egypt. Later, 
Mogara was visited by Mr. Beadnell and the late iMr. Barron, who 
was aecom23anied by the present writer, ilaiiy siiecimeiis were col- 
lected. including remains of a rhinoceros, and also of a iirobosci- 
dean, closely allied to, if not identical with, TetniheJodon august idens^ 
from beds of similar age in Enro 2 )e. 

xklthough the mammals and other vertebrates found in the beds 
above referred to are of consideral)le interest, they are only such as 
might have been found in any Euroiiean deiiosils of similar age. and 
afford no clue to the real autochthonous mammalian fauna of the 
Ethiojiian region : in fact, it is only in the iNIiddle and Fjiper Eocene 
beds of the Eayum that we find remains of animals that can be 
regarded as rejiresenting that fauna. Considering the importance 
of these fossils, it is jirojiosed to give a brief account of their dis- 
covery. of the locality in which they are found, and. finally, of the 
more important forms represented in th(‘ col le(,•tiolls which hav(' lieen 
made up to the ])resent. 

The first remains of land mammals from this locality were collected 
in 1901. In that year the pre-ent writer had the jjrivilege of visiting 
the district ivith Mr. Ihaidnell, of the Egyptian survey, who was 
engaged in mapjiing tlii^ area. On this occasion remains of marine 
animals, including a .Sirenian (Eoxh-i'n) and large snakt's {(Egan- 
topJiis and PtcroxpJu /inx) . were collected, acconnianied by traces of an 
ungidate. to which the name Ma i /fh/ i was afterwards given. 
The^e "-eemed to be of such interest that a further \'i'-it was made, 
resulting in the discoverv of many new forms, including Baiajiln i-hno, 
from the iMiddle Eocene, and Bidaotiiiistiidon from the Fjijier Eocene. 
Toward the end of the same year Mr. Beadnell discovered remains 
of an extraordinary ungulate, to which he gale the name Arxinoithi'- 
rhnn. and he aLo obtaine<l 2 )ortions of the skeleton of s(*veral other 
new forms. Since then the locality lias been visited on sevtu’al occa- 
sions by iMr. Beadnell on behalf of the Egy[itian geological survey, 
and by the writer for the British Museum. I'he large collections 
made on these occasions have been ilescribed and figured in the 
Catalogue of the Tertiary Vertela-ata of the Fayum. jiublished last 
vear. 

The Fa yiini is a ^irovince of Egyiit lying about 60 miles south of 
Cairo, to the west of the Xile Valley, from which it is sejiarated by 
a strij) of desert traversed by a canal, through which jiractically the 
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whole water siiiiply of the district passes. It consists mainly of a 
depression in the desert, the lowest portion being occupied by a large 
lake of brackish water — the Birket-el-Qurun — which is. in fact, the 
remnant of the much larger body of water described by Herodotus 
under the name Lake Mceris. From early historic times, for various 
reasons, this lake has been decreasing in size, and there are to-day 
numerous evidences of its former extent, such as traces of the old 
shore lines marked by stumps of tamarisk bushes, which then, as now, 
fringed its margin; but still more eloquent witnesses of its former size 
are the ruined towns and temples now lying in the desert far from any 
water supply. To the north of the lake the laiul rises in a succession 
of escarpments separated by plains of varying width to a height of 
about 340 meters ab (0 (' the sea : the -surface of the lake itself is 
about 44 meters Ijelow the level of the Mediterranean. The lower 
escarpments ar(' carved in beds of Middle Eocene age. the higher in 
the Upper Eocene, the actual summit of the escaritments being formed 
by the outcrop of a sheet of interbeddeil basalt, above which are the 
gravelly Iluvio-marine Oligoceiie lieds which form the undulating 
surface of the high desert stnUching away toward the north. 

The vertebrate remains an' found some distance to the north and 
west of the lake, and they occur at s('veral horizons, the lowest being 
near the bottom of the Middle Eocene. At this horizon the lieds are 
almost exclusitely marim'. and the only vertebrates found are acpiatic 
types, the most interesting being a primitive toothed whale Pro- 
The next bone-bearing beds are at the top of the Middle 
Eocene, and consist of a series of marine and estuarine dejiosits, 
which contain the remains of both marine and terrestrial mammals, 
the most important of the latter being M«-i‘>tlu'Pnnn^ the earliest 
known Proboscietean. and Uari/tJunniK . a remarkable ungulate of 
which the affinities are uncertain. It is, however, from the Upper 
Eocene huviatile beds that by far the greater number of forms have 
been obtained. These beds are obviously the deposits of a great 
river, probably flowing from the southwest, and carrying down in its 
floods the carcasses of drowned animals inhabiting its banks, 
together with vast numbers of tree trunks which to-day. in a silicified 
state, are streevn over the plains formed by the dip slopes of these 
heds. This series of fluviatile beds seems to have continued with some 
interruptions throughout the Oligocene and Miocene periods, contimi- 
ing probably till well on in the Pliocene: and it is from such deposits 
at Mogara and the lYadi Xatrtin that the INIiocene and Pliocene faunas 
above referred to are derivc'd. In fact, the conditions seem so 
favorabh' to the iireservation of vertebrate remains that it is almost 
certain that oidy further exploration of the region to the north of 
the Fayum depression is necessary to lead to the discovery of faunas 
at other horizons. If this should pi'ove to be the case, then it seems 
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certain that in Xorthern Africa we shall have a succession of mam- 
malian types second in interest only to the wonderful series found in 
Xorth America. 

A brief account of some of the more important of the fossil verte- 
brata. more especially the mammals, at present known from the 
Fayum. may now be given. In the first place, it should be noted that 
111 addition to early forms of groups already known several entirely 
jieculiar types of mammalian life have been found. Amongst these 
the most important are which has been regarded as 

representing a new order of mammalia, most nearly allied to the 
Ilyracoidea. and Biirythcrinm . which not improbably may also repre- 
sent a new subordinal group, but of which the affinities are at present 
(juite uncertain. 

ArsiaoitJu-riiiin is one of those extremely ])ectiliar types which, as 
in so many other instances, shows by its extreme specialization in 
certain directions that loss of adaptability to new conditions of life 
which almost inevitably leads to extinction. Many similar instances 
might be quoted, one of the most notable lieing the Titanotheriida^ 
of Xorth America. In its general appearance Arninotthcriiiiii must 
have much resembled a large rhinoceros, but instead of having one 
or two horns in the median line it not only possessed a pair of small 
horns situated over the orbit', Init also a pair of enormous nasal 
horns, both pairs, unlike the horns of Uhiiion roa. being formed by 
bony outgrowths of tlie skidl that were jtrobably covered with a 
horny sheath during life. The ])Osterior surface of the skull slopes 
forward, and is deeply hollowed for the attachment of the powerful 
muscles necessary to suppt)rt the heavy head. The front of the snout 
is narrow and pointed, a circumstance which, coupled with the t'har- 
acter of the incisor teeth, makes it at least jirobable that th(> animal 
did not graze, but browsed on l)Ushes and low herbage, most likely 
with the assistance of a mobile iipjier lii). like the black rhinoceros 
of to-day. The teeth were of very peculiar structure. The dentition 
is complete, and forms on either side of the jaw a closed series, the 
crowns of all the teeth wearing to a common level, with the exception 
of the anterior upper incisors which form slight hook-like projections, 
and no doubt helped in seizing the food. All the teeth are high- 
crowned, the molars especially so. and it is further remarkalde that 
the upper molars ditt'er entirely from the premolars in form. The 
type of molar structure here found is quite unknown elsewhere, but 
it may have been derived from the deepening of the crowns of molars 
like those of Ilyrn.i-. thougii some writers are inclined to I'c'gard it as 
a specialization of the type found in Cuni [thodun and other })rimitive 
Amblypoda. 

The limbs were 'hurt and ma'sive. and the feet were much like 
those of the elephant, all five toe' being retained. At the same time 
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thi> resemblance with the elej^hant, in the hind feet at least, is only 
superficial, the actual arrangement of the tarsal bones being widely 
different. As remarked above, the affinities of this remarkable crea- 
ture are uncertain, and it was considered necessary to establish a new 
siil)divisioii of the Ungulata for its reception, though at the same time 
relationships with the Ilyracoidea were pointed out. ATinge, on the 
other hand, in a recently published memoir on the Ungulata, boldly 
refers it to the Hyracoidea. Probabh' its real position will remain 
doubtful till some earlier and less specialized members of the same 
stock have been discaivered. 

Bufijtlierlutn. from the Middle Eocene beds, is another large and 
heavily built ungulate, of Avhich unfortunately very little is yet 
known. Only the ui)j3er and lower jaws, with the cheek teeth, and a 
few liml) bones have yet been found. All are characterized by their 
immensely massive construction. The teeth have conqiaratively lovr 
crowns, with two transverse ridges. 'I'he humeru- has all its ridges 
and ])rocesses for the attachment of muscle greatly developed, indi- 
cating a fore limb of great strength, and. jiulging from its form, 
possibly employed in digging. The relationships of this creature 
are unknown : it is by some regarded as belonging to the Proboscidea. 
and it has even been suggested that there may be some relationship 
with the South American Pyrotheria. 

Although and Udrijtln'rium are interesting for 

the peculiarities they present, their very isolation detracts consid- 
eral)ly from their importance, for they throw no light on the earlier 
history of any of the previously known groups of mammals. From 
this jioint of view the remains of primitive Proboscideans from these 
Egyptian deposits are of vastly greater interest, for they at once 
settle the jioint of origin of the group and carry back the line to a 
generalized tyjie of ungulate showing only the beginning of the 
extraordinary sjiecializations characteristic of the later forms. Pre- 
vious to the discovery of these Egyptian forms, the earliest Probos- 
cideans known were species of Tvtttihclodoii and Duiothvrhi m from 
tile lowest Aliocene beds of EurojK', where they ap])ear suddenly at 
this horizon, no trace of any related form being found in the earlier 
Tertiary deposits of that continent. The sudden aj^pearance in the 
Eurojjean fauna of these and members of some other groups led to 
a miml)er of sjieculations as to where these animals had originated. 
Osborn, Stehlin, and Tullberg for various reasons all came to the 
(•(inclusion that the evidence ])ointed to the existence of an Plthiopian 
laud area in early Tertiary times and they considered that not only 
the Proboscidea, but se^■eral other groups — -notably the Sirenia. 
Ilyracoidea. certain EdentaUs. the Antelopes and (Tiiaff'es, the Hi]:)- 
l)opotami. several divisions of the Podentia, and lastly the Anthri)- 
poidea — originated in that region. Of many of these the early 



300 KECESTLY DISCOVERED TERTIARY %T5ETEBEATA OE EGY'PT. 


forms have still to be found, but the predictions of the aliove writers 
have already lieen fulfilled in the ease of the Proboseidea, the Sirenia, 
and the Hyraeoidea, so that there is <iood reason to ho[)e that ances- 
tral forms of some of the other jrroups will yet be discovered in 
northern Africa. 

The earliest Proboscidean yet known is Mif'ritheruun. remains of 
which are found in the Middle and Upper Eocene. This animal was 
about the size of a tapir, which, moreover, it must have much resem- 
bled in g-eneral appearance. The skull presents none of the striking' 
ijeculiarities of the later Proboscidean skull, though traces of the 
beginnings of some of these characters can be seen. Thus, the nares 
ai'e already a little removed from the front of the snout, and the 
nasal bones are small; again, the bones of the occipital rt'gion are 
somewhat swollen by the development of cellular tissue in their inte- 
rior. a development that reaches enormous dimensions in the modern 
elephants. In the upper jaw all the teeth of the full Eutherian 
dentition are present, with the exception of the front ])remolars. 
The second incisors are much larger than the others and form down- 
wardly directed tusks, the beginning of the great tusks of the later 
types. The premolars are all simpler than the molars, the low 
crowns of which bear two transverse ridges, each ridge being formed 
by the fusion of two tubercles, so that in fact the teeth may almost 
be said to be ([uadrituberculate — a very jirimitivi' condition. The 
anterior portion of the mandible is s|)out-like and bears two pairs of 
incisors, which i)roject forward. Of these the inniu' pair an' small, 
while the otiter are enlarge<l. and become the lower tusks of later 
forms. The canine is lost. The description of tiie upper-cheek teeth 
given above apjdies c(iually well to the lower, except that, as usual, 
the last lower molar has a third lobt' or h(‘el. The skeleton is imper- 
fectly known, but it is certain that the neck was rehitivelv long, so 
that the animal could reach the ground with its mouth in the usual 
way. The limb bones, so far as known, are practically those of a 
diminuti\e elephant. In this animal, therefore, we have a compara- 
tively generalized type, but at the same time some of the characters 
which developed to such an extraordinary e.xtent in later forms arc 
already recognizable. Such are the transver'-e ridging of the teeth, 
the enlargement of one pair of incisors to form tusks, the bi'ginning 
of the shifting back of the narial o])ening, owing to the development 
of a short jiroboscis and the commencement of the inflation of the 
bones at the back of the skull. 

Although remains of M a l itlii riioii are first found in the Middle 
Eocene beds, it persisted till the Upper Eocene period; but there it 
is accompanied by an animal, Pitln imidsfiKloii. which shows a con- 
siderable advance toward the later [irobosi-idean tyjie. Probably 
M dritlieriniK still continued to inhabit the swamjis. while Ftiln-tiinu.s- 
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fodon represents a form becoming adaiited to existence on dr}^ 
ground. Although referred either to Mcerifherium or Palceomasto- 
don, several forms, intermediate both in size and in some other 
resjiects between these two genera, are known to have existed, but 
the remains by which they are represented are at present scanty. 

Pdlfi'Oinutitodoti is represented byseveral species, the commonest being 
Pidn'vnuixtodon iciutoiii. which must have been rather larger than a 
large cart horse. In this animal theskull approximates in many respects 
to that of the elephants proper. Thus the nostrils have shifted back 
till they are only a little in advance of the orbits, and the nasal bones 
are l ery .short. At the same time the bones at the back of the skull 
are much more enlarged than in M o i ithcriiim, owing to the increased 
development of spongy tissue within them. The upper incisors are 
now reduced to a single pair, the second, and form moderately large 
downwardly directed tusks, with a band of enamel on their outer 
side. The canines have disappeared. There are three upi)er pre- 
molars, the last having a pair of transverse ridges, while the molars 
have three transverse crests. The mandible is in many respects 
jteculiar; the anterior spout-like portion is greatly prolonged, so that 
it jjrojected consideralily beyond the skull, and its extension is in- 
creased by tlie large procumbent incisors, corresponding to the second 
pair of Md ritherntm. Tlu' other incisors, the canine, and the first 
two premolars have disap|jeared. and there is a long edentulous 
interval between tlu‘ tuslcs and the third premolars. The fourth 
premolar is two-ridged, the first and second molars three-ridged, 
while ill the third molar there may be as many as four transverse 
crests. The neck was a little longer than in the eleiihants. and the 
animal could doubtless reach the ground with its lower incisors, 
which (with the ]jortion of the mandible projecting beyond the skull) 
were covered by the doshy upper lip and nose, the terminal portion of 
which may have been more or less free and prehensile. The limb- 
bones are essentially similar to those of Elephas. particularly in the 
largest species, Palaoniaxtodon headucdlL The animal must have 
much resembled in its general ajipearance a gigantic pig, with a short 
neck and elongated snout. 

Mri:'r'dherhnn and PaJifomnxiodon are the only genera of Probosci- 
deans known from the Eocene beds, and at present no member of 
the group has been found on any Oligocene strata ; but when the 
lower Miocene beds are reached. Proboscidean remains are abundant, 
and we find them not only in African but also in European and 
probably Asiatic and American localities, the group having become 
widely spread since the Upper Eocene. In the Lower Miocene 
deposits of Europe two genera, Tetrahelndon and Dinotheriurn, are 
found, of which only the first is at present known in Egypt, where 
remains have been found at Mogara and in the Wadi Faregh. In 
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this animal, which is as large as an elephant, the sknll is practically 
the same as that of the later Proboscidea ; the tusks are now very large, 
though they are still directed somewhat dowuiward. and have a band 
of enamel on their outer side. The milk molars, as in the earlier 
forms, are still replaced by ])remolars : but these are soon pushed for- 
ward and shed through the great increase in size of the permanent 
molars. Of these the first and second, though large, still have 
crowns with only three transi’erse ridges; the third molar, on the 
other hand, is still more enlarged, and its crown may l)e made up of 
five or six transverse crests ; it is. in fact, so large that when it is fully 
cut not only the premolars but also the first molars are displayed, 
there being no room for them in the jaw. The anterior part of the 
mandible, with the procumbent incisors, has now attained an extra- 
ordinary length, projecting still farther beyond the skull than in 
Pulikoxiaxtodon ; in fact, in this genus we ha\ e the culmination of the 
specialization in this direction, and the long, straight snout must 
have presented a remarkable ap])earance. the animal having resem- 
bled an eleifiiant in which the lower jaw was so elongated that it 
could reach the ground, and was covered with the fleshy snout, the 
end of which alone was free. So far as the Egvjjtian de])osits are 
concerned, this is the last of the Proboscideans found ; but it may be 
permitted to give a short summary of the sub-^eqnent changes which 
ended in the evolution of the modern genus During the 

Miocene the long mandibular symphy'-is — probalfly because it had 
attained an unwieldly length — became rajiidly shortened up, leaving 
the tipper liji and snout free, as the movable proboscis so character- 
istic of the group. Tetnilielodon Jivu/ii'oxfrix. of the late iMiocene. 
represents a stage in this process. In this animal the symphysis is 
comparatively short, and although the two lower tusks attain a con- 
siderable size, they certainly could not reach the ground. At the 
same time the number of ridges in the molar teeth is increased to four 
in the two anterior ones. In the Pliocene the mandibular symphysis 
becomes still more shortened up. but in some species of Maxtodon the 
lower incisors still joersist. though of small size and usually soon 
shed. The number of transverse ridges in the molars increase and 
become deeper, till in Strgodon { from the Pliocene of the Siwalik 
Hills) the anterior molars may have six or seven ridges, the last one 
eight or nine. The valleys in these teeth are deepened, and may be 
more or less filled with cement. At the same time, in most cases, the 
milk molars are disiilaced by the development of the molars behind 
them, before they can be replaced from below by the premolars. In 
EJephas proper the elongated mandibular .symphysis of the early 
forms is represented by a small process forming the chin of the man- 
dible and never bearing any trace of lower incisors. The molars 
acquire a much greater number of transverse ridges and become 
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highei' in the crown. Tn Elcphos prlnihjcninH there may he as many 
as twenty-seven ridges in the last molar. All this long series of 
changes is illustrated by specimens shown in the jialeontological gal- 
leries of the Natural Histoi-y Mnsenm. London, and representing, per- 
hajis. the most complete history of any mammalian group yet known. 

In the Upper Eocene lieds the Hyracoidea are represented )\v two 
genera. MeguIoJiyntx and Sapluitlurhim, including several species. 
None of these throw any light on the relationships of the order: Imt 
some of them are of large size and indicate that formerly the group 
was of far greater importance than it i"- to-day. when its oidy represent- 
atives are a few comparatively small species, all of which, according 
to some authorities, should he placed in a single genus, Procacia 
(Hijrd.f). 

The occurrence of remains of Sirenians in the iSIiddle Eocene Iteds 
of Egyjit has long been known, Owen having de^^crihed — under the 
name Eothcrlmii — a brain cast of one of these animals from the 
Mokattam Hills, near Cairo, '^o long ago as 1S75. and further remains 
from the same locality were noticed by Filhol in 1S7S. ’Within the 
last four or live years not only have skulls and other portions of 
EotJieridiii been found, but remains of other genera have come 
to light, both from the IMokattam Hills and from the somewhat later 
deposits of the Fayum. These early forms have been described by 
Dr. O. -Vbel and the present writer. Their chief ])oints of interest 
are those in which tlnw show approximation to the land mammals 
from which the grou|) arose. Thus in Eotlurnnd the jielvis has a 
complete obturator foramen incloMal by the jtiibis and iseliium. and. 
judging from the acetabulum, there mu't have been a fairly w'ell- 
developed hind limb. In the later forms, oven at the top of the 
Middle Eocene, the pelvis has undergone considerable further reduc- 
tion, the intbis and ischium not inclosing a foramen and the 
acetabulum being so small and indefinite that the hind limb must 
have been rudimentary. In these early Sinmians aUo the dentition 
approaches the jirimitive Eutherian tyjie, there being three incisors, a 
canine, four premolars, and three molars on each side of the upper 
jaw. In the later types there is at most one ]tair of incisors, often 
much enlarged, while the canines and some of the premolars also are 
lost. This more normal sti-ucture of the pelvis and the character of 
the teeth show that a Sirenian such as Eofhcridnt is not verv remote 
from the terrestrial ancestor from which the group must have sprung: 
and it is very interesting to note that in the form of the pelvis and 
of the teeth this ancestral form mu^t have much resembled Jlceri- 
ilerhnn. a fact strongly supporting Blainville's suggestion that the 
Sirenia and Proboscidea are closely related. Many other points of 
similarity might be pointed out. such as the form of the brain in 
M oiritJieriiini and in Eosiren or Eotherhi di, and modern representa- 
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lives of the two groups also agree in a iiuiiiber of points. Thus in 
both there are (1) pectoral mainnue. {'2) abdominal testes. (3) bilo- 
phodont molars, with a tendency to the formation of additional lobes 
behind, (4) the same arrangement of the intestines, and (5) to some 
extent the same character in the placenta. Altogether there seems to 
be very good reasons for regarding the I’roboscidea and the Sirenia 
as olfshoots of a common stock, the one being adapted for a terrestrial 
the other for an aquatic mode of life. 

All the carnivora collected belong to the primitive group, the C’re- 
odonta, and all the sjiecies can be referred to genera already known 
from Eurojie or North America. A few of the limb bones found seem 
to indicate that some of these animals had adopted a seniiaquatic 
mode of life, and it is possible that the seals originated from some' 
such type. 

Far more interesting than the Creodonts themselves is a group 
that is now definitely known to ha\e originated from them, namely, 
the Zeuglodonts, usually — and probably rightly — regarded as primi- 
tive toothed-whales. Remains of the later memliers of this group 
are found widely spread over the world in tlu' Eocene beds, occur- 
ring ill North America. New Zealand, and Europe. It is only quite 
lately that any light has been thrown on the origin of these animals. 
Prof. E. Eraas described, from the lower Miildle Eocene limestones 
of the ilokattam Hills, a skull which in all essemtial respects is that 
of a Zeuglodon. but at the same time the dentition is that of a Creo- 
dont carnivore, none of the peculiar characters of the Zeuglodont 
teeth being iiresent. This specimen, to which the name Protoi-etux 
was given, proves fairly conclusively that the Zeuglodonts originated 
from some (’reodont ancestor which acquired aquatic habits, and 
probably this happened on the northern coasts of the Ethiopian con- 
tinent. From lieds of a little later age in the Fayum an animal 
almost precisely intermediate between ProtoiifiiK and ZctKjlodon . 
has been described under the name ProzinigJodo^i. In this creature 
the skull approximates still more closely to that of the true Zeuglo- 
donts. and the teeth have also acquired the serration characteristic 
of the group, though at the same time some of the premolars and 
molars have a third inner root, which is lost in the later forms. In 
the upper beds of the iliddle Eocene of the Fayum typical Zeuglo- 
donts. e. g.. ZeiigJodohf oPirh, occur; so that in this region we have 
a comjtlete passage from Proforctnii, in which the teeth are those of 
a Creodont. to Zeuglodon osiris, in which they are typically Zeuglo- 
dont — that is, the molars are two-rooted and have serrated cutting 
edges. At the same time the narial opening shifts back, and although 
it is still well in front of the orbits and the nasal bones are long, 
the change is in the direction of the type of skull found in the early 
Odontoceti; and. although the relationship of these animals to the 
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Zeiiglodonts has frequently been doubted, there seems much to be said 
in its favor. This question lias lately been discussed M’ Fraas and 
by Abel. 

Eemains of birds are very rai’e. and with the excejition of frag- 
ments of the skeleton of a heron-like wader, the only specimen of 
importance is the distal end of a tibio-tarsus. which is interesting, 
because it shows that ju'obably a true Katite {K riDiopeziin) existed 
in the Eocene in thin region, and may Jje the aiu'estral type from 
which the Struthiones and ^Epyornithes sprung — nninerous common 
characters between the two gi'oups having been pointed out by Burck- 
hardt. A relationship with the South American Kheas is also jiossi- 
ble. On the other hand, this bird may be merely another instance 
of the results of retrogressive change, leading to loss of flight and 
increase of size in some group of Carinate birds, such as has happened 
in the case of the Stereornithes and Gastornithes. 

Among the Eeptilia no \erv important new forms have l)een dis- 
covered. In the 31iddle Eocene remains of large and probably 
marine snakes are found, one of these ((riiimitoplih) having probaltly 
attained a length of 30 to 40 feet. Another (Ftiyosplnimsi) is of 
intere.st. Iiecatise a clo-ely allied species is found in Xorth America 
also associated with Zeuglodont'^. From the same horizon there have 
been collected remains of numerous Plenrodiran tortoi^'CS, a group 
formerly widely si)read. but at the present day found only in the 
southern hemisphere. The most remarkable of the Egyptian Pleu- 
rodires is AYc/rof/t //.v. in which the palate and mandible are modi- 
fied to form broad, crushing surfaces, probal)ly for breaking the 
shells of the animals which formed its food. In the Upper Eocene 
beds Plenrodiran tortoises are likewise found, the modern genus 
PoducnemiK being reiiresented by .several .specie.s: but at this horizon 
the most notable chelonian is a gigantic land-tortoise {Testudo 
(Dtinioii). shells of which are comparatively numerous. This siiecies 
apiu'oximates most nearly to the Aldabara and Madagascar giant 
toi’toises among living forms. Numerous Crocodiles are found both 
in the Aliddle and Up])er Eocene, and include both long and short 
snouted forms. One utnhtomu </a rhiloidcH) seems, to some extent, 
to bridge the gap between the true Tomisfomd and the Gharial. 

Eemains of fishes are found in .several horizons, but none are of 
special interest. From the Aliddle Eocene are several peculiar saw- 
fishes, and also several large Siluroids, which are curiously like spe- 
cies now existing in the Nile. 

From the above account it will be gathered that a considerable 
number of Tertiary vertebrates are already known from Egjqit, and 
include forms of great interest. At the same time, the.se must con- 
■stitute a mere fraction of the faunas that have inhabited this region. 
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and therefore .since the coiiditioii.s seem to be very favorable to the 
jtreservation of vertebi-ate remains, it is to be hoped and expected that 
niaiiy new types of vertebrate life will be discovered, especially when 
the de.sert between the Fayhm and the "Wadi Xatrun can be thor- 
oughly explored — a matter of no very great expense or difficulty. 

The question of the relations of the Ethiopian land iiia.ss to other 
regions during the 'bertiary period is one of great interest. That 
it is almost certain that Africa and South America were united 
during the .''Secondary pcuiod has been pointed out l)y many writers, 
and there is considei'able probability that this union may have 2)er- 
sisted till early T(‘rtiary times, though there is great diil'ereiice 
of opinion as to tin' j)Osition of tlie connection. It lias even been 
suggested that a licit of shallow water and a chain of islands 
may havi' existed between Africa and Brazil so late as the Mioci'iie. 
This connection between Africa and .'south America would account 
for a number of curious facts of distribution, as. for instance, the 
pre.sence of the Hystricomorphiiie rodents and the Pelomedttsid che- 
lonians on both continents. The occtirrence in the .^anta Cruz beds 
of Patagonia of Acwo/r.'.tr.s-. a close ally of the Cape (rolden Moles 
(Chri/xoch/o/'uJii ). has also been pointed to as evidence of this former 
union, lint this has been considerably discounted by the di.scovery in 
the IMiocene of Nortli America of an animal which is 

almost certaitdy closely allied to the Chrysochloriihe. though it was 
de.scribed by its discoverer as probably a Monotrenu'. 

tSonie rSouth American paheontologists have asserted that certain 
groups of l^ngttlates fottnd in the Tertiary berls of Patagonia are 
closely allied to. if not the actual ancestors of. some of the African 
subdivisions of that order, e. g.. the Ilyracoidea. There seems, how- 
ever. to lie no ri'al grouml for this belief, and it is far more probable 
that the two continents were .sejiarated before the main divisions of 
the Ungulata had become diflerentiated. and that such resemblances 
as do exist are merely the result of parallelism in the course of evolu- 
tion of the group in the two areas. 

The late Oligocene or early iliocene union between Africa and the 
Pahearctic continent has ali-eady been referred to in connection with 
the migration of the Proboscidea : but it is certain that other unions, 
probably of a temporary nature, mu.st have occurred in earlier Ter- 
tiary periods. The jR'esence in both the European and African 
Eocene of the same genera of Creodonts (Hyivnuilnii, Fft-rodon. etc.) 
and of an Anthracotlieroid approximating to Brachyodvs, is evi- 
dence of this earlier junction. 

The relations of Africa with Madagascar art' also interesting. 

« DiPiiglass. ■'The tertiary of Jlontana." .I/chi. ('iinu-i/ie Mii.u-kih. vol. ii (tUU.")), 
p 204. The writer's attention has been drawn to tlie fart that IJr. W. D. Ylat- 
thew suggested this relationship some time a.go. 
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The mammalian fauna of Madaga.^ear is a comparatively poor one, 
and is completely wanting in many of the typically African groups of 
mammals. Tullberg has accounted for this by sujiposing that the 
eastern jRU't of Africa, with Madagascar, ivas separated from the 
main southern and ivestern African continent by a licit of sea. and that 
it was only after the isolation of Madagascar that the.se two parts of 
the Ethiopian continent united, and the richer fauna of the .southern 
and western portions spread ov(>r tlie whole. This probably occurred 
in the Oligocene. at which time the union with southwestern Asia 
and Eui'ojie took place, followed by the dispersal into the northern 
contiiK'iit of the Proboscidea and other groups. 

The importance of Africa in the history of the Mammalia is fur- 
ther inci'eased by the fact that, as Stromer has jioiiited out, some part 
of the r(‘gioii has probably been above the sea since Perino-Triassic 
times, during which a great lai'iety of land reptiles (‘xisted. some of 
which, the 'I'lierioc louts. ap|iroximale very closely to the mammalian 
type. aiul. in fact, are probably the stock from which the Mammalia 
sprung, d'his being so. it is by no means im])robable that somewhere 
in this continent lieds of -lurassic and Ci-etaceous age will be found, 
containing remains of animals which will completely bridge the gap 
between the two great and now widely distinct groups — the Mam- 
malia and Ivoptilia. 




POLYEMBRYOXY AXD THE DETERMIXATIOX OF SEX.' 


ResmiK'- (jf tlm observatioii.s of 1’. Jlarohal.^ 
Ry K. lU'iiMON. 


Polyemhi-f/oinj is tlie spontaneous division of the oei-iu into a num- 
her of distinct individuals.'' 

Hardly more than a glimpse into a new epoch, this phenomenon, 
of the highest scientific interest, was observed during the past sum- 
mer by Paul irarchal. i)rofessor at the Agronomic Institute of Paris, 
in parasitic Hymeno|)tera of the genera Encyrtus and PoJijynotns 
and recognized by this same author as being the normal mode of 
reproduction of these insects. 

Let us first consider Encyrtnn fn^riioUl-i Dahnan. Scarcely a 
millimeter in length, this minute t’halcid develops as an endoparasite 
at the e.xpense of a nunil)er of specie's of moths or Hyponomeutas (//. 
(oynatcllK or ei'omjuit of the spindle tree, iiialtulclxhllu or piuli of 
the mahalel) or plum f)f Santa Lucia. padfUn of the hawthorn and 
sloe tree, tuulinvlla of the apple.) 

If one examines iimler the microscope the caterjfillars of Ilypono- 
meuta (for example. 11. (Oiputtcllu) at the end of Aj^ril or during 
the first half of May. one finds nearly always, or at least among some 
of them, those with embryos (and later with larva*) of Encyrtun 
associated in the form of chains or rows. 

Those chains, which I have already described in the Recueil zoo- 
logique Suisse, v. Y. 181*1. are composed of 50 to 100, or even litO, 
individuals. The sac which contains the parasites presents itself 
as a whitish tube, sometimes bi- or tri-furcate, flexible, folded upon 
itself, floating in the lymph of the caterpillar outside of the intestine. 
Formed of an envoloping membrane (cuticle), it is clothed interiorly 

"See tlie wiirks cited: Jlarchal. ISOS, ISO'.t, 1904, and 1904r( (prin- 

fipal inenioirt. 

'' Translated, liy perniissinn, from Bulletin d« l.a Sneiete Vandnise des .S<-iences 
Xatuielles. .5 ser., Vnl. XLll. Xn. l-V), March. 1900. 

'■ lirandes (1S9S) proiMised, in jilace of polyenihrynny. the term urniiiiuijiinji. 
One could also say apontuiicuuii ijhistotoni!/. 

'Ml 
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with a layer of epitheloid cells and incloses an albnniino-fatty mass 
in which the embryos ai'e immersed. 

Later, after the larvte have attained a certain size (at the end of 
May or beginning' of June), the row, which may have a length of 
3.5 cm., presents a series of wrinkles and constrictions; each fold 
contains a larva inclosed in the nutritive substance. At the end of 
June, after the parasites hai'e completed their first molt, they burst 
the epithelial tube which enveloped them and are found at liberty 
within the body of the caterpillar. This period (second larval 
phase) lasts about eight days. At last, the hirva> having consumed 
the interior of the larva, each one of them prepares for the pupal 
period by inclosing itself in an ovoid cocoon, formed, according 
to IMarchal, by the external cuticle jmffed out and detached from 
the body. The caterpillar, the skin of which molds itself exactly 
over the cocoons, thereafter was little more than a rigid sheath, 
embossed, and appearing partitioned within. The transformation 
of the larva into a nymph by means of a new molt takes place a 
little after the partitioning of the caterpillar, and from the time of 
this event until the eclosion of the Encyrtus one counts twenty days. 

The Hyiionomeutas do not have more than one generation annually. 
Jlie eclosion of the moth (II. cof/natelht) takes place in July, copula- 
tion in the following days; the eggs are ileposited a short time after- 
wards in little clusters of -K) to 70. which the insect attaches to the 
branches of the spindle tree. 

The young caterpillars, hatched in Sejitember or October, rest 
during six months, crouching under the scaly co\ ering which protects 
the egg mass until the first days of April, before leaving their shelter." 

The facts brought to light by Marchal may be summed up as 
follows : 

1. Encyrtus is, the same as its host, lIypoiU)meuta, of only one 
generation annually. 

2. The oviposition of Encyrtus takes place shortly after that of 
Hvponomeuta. in July or in August, following the species parasitized, 
and it is into the egg of the moth that the parasite introduces its 
own egg. 

3. Each chain of embryos proceeds from a single egg. as a result 

a It is ordinarily between the .ttli and the RSth of April, exactly at the time 
when the youiif; leaves of the spindle tree expand, that the minute caterpillars 
of H. cftijnutcUii leave their retreat and reach the nearest buds. Afterwards 
hiding in the interior and drawing toward them the le;ives by means of a few 
threads, they form a little nest, which gives them at the s.ame time food and 
shelter. Their length at this jieriod is from 0.7 to O.S millimeter. After this 
they .grow rapidly, but it is only at the end of a few weeks, after their size 
has reached about a centimeter, that their weli.s. having become more volnini- 
nous, begin to attract attention. {BiKjiiioit, 1S93, p. 319.) 
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of the division of the germ into niimerons distinct individuals during 
the inoriila stage. 

4. One egg of Hyponoinenta ordinarily does not receive more 
than one egg of Eneyrtus. However, when it happens that one egg 
of Hyponoinenta is stnng two or three times (iierhajis by different 
individuals) a corresponding number of chains of embryos are formed 
within the caterpillar. 

5. The albumino-fatty (nutritive) mass in which the embryos are 
immersed results from the proliferation of the amniotic cells fur- 
nished by the germ of the Eneyrtus (derived from the paranucleus). 

C. The envelojiing membrane, as well as the epitheloid cells which 
clothe its interior, is formed at the expeii'C of mesenchymatous ele- 
ments furnished by the organism of the host ( Ilypouonieuta) . These 
formations can be comjiared to an adventitious cyst destined to isolate 
the parasites. 

It is on the eggs of II ypintinni iit<i uudiiu-Ihi that the act of oviposi- 
tion of Eneyrtus was observed for the first time (1S97). 

Marchal, having inclo'cd an apple bianch in a cage of gauze, 
placed within the cage some of the cocoons of the moth. The moths 
issued on the last days of June and the tir't days of Jtdy. (4n the 
4th of July a goodly number of copulations were achieved: on 
the Gth one could alread}' observe many fre-hly deposited egg masses 
on till' twigs. Oil the isth a large numlier of Eneyrtus having 
emei'ged from the parasitized caterpillars depo'ited in the cage, 
Marchal noticed that at in the afternoon (at the moment when 
the sun sends forth its hottest rays) an Eneyrtus, which, perched on 
an egg mass of Hyponoinenta, appeared to be in the act of oviposition. 
Taking advantage of so favoralile an occasion, he could, during four 
consecutive hours, follow rvith the leiis the minute parasite, which 
completely absorbed in its work, passed from one egg mass to another, 
piercing the eggs with its sting. The operation lasted each time a 
little more than half a minute (two minutes toward the end of the 
journey). 

Other observations were carried on with the jiarasites of II. 
maludelxlella. As this moth emerges later than the others, Marchal 
could, thanks to this circumstance, obtain new ovipositious of E. 
futsckuUh during the period comprised between the Idth and the ddd 
of August, and complete at the same time the necessary material for 
his work. The author concludes from his last observations that 
Eneyrtus does not live more than ten days in the imago state. 

The investigation of the <‘gg of Eneyrtus within the egg of the 
moth is extremely difficult, if oiu' limits one's self to dissociating the 
vitellns. Marchal employs most especially the metlnxl of section 
cutting. Having collected, on tseptember 10, I'JOl, some parasitizial 
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i‘gg masses of II. miihdlchthlht. ami having fixed them in Gilson 
liquid, stained them ivith carmine, and cut them into fine sections, he 
succeeded in discovering the egg of Eiicyrtus inchided within the 
general cavity of an already large and advanced embryo of Hypo- 
nomeuta. The egg is so minute in size that, at the most, <me can 
not make a series of more than four to five sections including its 
substance. Its contour is ovoid, clearly defined, and one can not see 
the least trace of the eggshell and the pedicle observed before ovipo- 
sition. There are in its interior five nuclei immersed in the as yet 
undivided protoplasmic mass, of which four are smaller, rounded, 
alike among themselves, and one more voluminous placed eccentric- 
:dly. of irregularly lobed form, pi'esenting a very fine and very 
deii'^e reticulation. We will state further that the four small nuclei 
(embryonal nuclei) are destined to produce by successive prolifera- 
tion the entire chain of embryos, while the larger nucleus (para- 
nucleus or amniotic n.) constitutes the first formation of the 
amnios. 

At this stage the egg of Encyrtus is not inclosed in any membrane ; 
one only perceives in its vicinity the presence of some meseuchyma- 
tous cells, which belong to the host. It is a little later, when the 
number of embryonal nuclei has increased to s or 10. that an adven- 
titious cyst begins to form by the drawing near of the mesenchyma- 
tous elements, which press against the egg. and thus form a lining 
of flattened cells. As to the amniotic cells derived from the para- 
nucleus. their role is to form the allnunino fatty liody Avhich con- 
tains the embryos and which is soon to serve for the alimentation 
of the young larva?. 

At the end of ,Septeml)er the little caterpillars hatch, but they 
confine themselves to gnawing the remains of the eggs and rest until 
spring beneath the carapace which covers them. In examining these 
caterpillars under the microscoj)e. one can perceiA e among certain of 
them the iirescnce of one and sometimes two or three small rounded 
bodies, still difficult to distinguish, floating among the A'iscera. These 
little bodies. Avhich are the eggs of Encyrtus inclosed in their cyst, 
may be studied at the time both by picking to pieces in Avater Avith 
osmic acid and by the method of sectioniiig. Examined by trans- 
parency at the end of autumn, tlie egg otl'ers a mass of oA’oid or 
globular j)rotoplasm in Avhich ari> immersed, first, a mass of embryo- 
nal nuclei pressed one against the other, to the number of 15 or 20; 
second, a large paraniichais jilaced ec<'entrically. sometimes diAuded 
into two segments. 

The stage Avhich has been described persists nearly Avithout modifi- 
cation tlirougluait the Avinter. llowcAcr. in a goodly number of eggs 
one can perceive from the middle of March and even of February a 
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grouping' of the embryonal nuclei, -which already indicates the divi- 
sion of the germ into many embryos. The formative vitellus (char- 
acterized by its clear tint) is divided into many rounded masses, 
isolated one from the other, each inclosing a group of nuclei. These 
last, which before had two nucleoles, now present multiple nucleoles. 
which are arranged in two rows, indicative of an approaching pro- 
liferation. Some of these are already on the way to kinesis. 

But it is during the jieriod wheji the young larva; leave their winter 
shelter and begin to gnaw the leaves that the phenomena of poly- 
embryony reach their greatest intensity. 

The egg, at first spherical, grows with an extraordinary rapidity, 
and little by little assumes an elongate ellijisoid form. It is under 
this aspect and with a considerably increased diameter that one 
finds fhem in the interior of the caterjii liars of the spindle tree about 
the doth of April. The. same stage appears in the caterpillars of the 
mahaleb about the 10th of May. 

Examined at this period in thin sections, the germ of the Encyrtus 
is found composed of these small rounded niassO", which had, in cer- 
tain cases, commenced to take form at the end of tlie winter. 

Grown much more numerous, these are forme<l of small masses of 
protoplasm, containing the nuclei (fo the number of S to 10 in each 
mass), and already show the cellular limits distinctly enough. Each 
one of these masses is located in a rounded cavity, with clear-cut out- 
line. hollowed out in the common granular (nutritive) protoplasm, 
as with a punch. In order to see the cavity well it is necessary in 
every case to tix the ob^'ect with Fleming solution and not with cor- 
rosive sublimate. It may be culoreil afterwards with safranine. 
These bodies, which may be compared to small buds and which we 
shall hereafter call Dinrifonne^, inci'ease by multiplication of their 
elements; but. arrived at a certain size — each of them made up at the 
time of 1'2 to 1~> cells — they themselves divide by breaking up. 

During the last days of A|)ril. when the polygerminal complex of 
Encyrtus has attained a half millimeter in length and has taken the 
form of a sausage, the muriform Ijodies are present in the interior to 
about the number of 40. well dilfercntiated from each other and 
immersed in the common granular mass; the number of cells ivhich 
compose them is always much reduced, ranging from 8 to 12. 

About the middle of May, at the time when the polygerminal com- 
plex lias grown into a chain 3 to 4 mm. long, the buds have mul- 
tiplied to more than a hundred and now constitute the true morules. 
These have from 20 to 40 cells each, which through mutual pre.ssure 
on all sides present a ])olygonal form. From this time on the 
embryonic lamime begin to unfold and the body begins to take 
form. The embryo, abandoning the spherical form, tends toward 
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the (liscoidal form through compression of its surfaces from opposite 
sides; it afterwards takes a reniform shape, as the result of the 
ajtpearance of a deep hilum, which grows fi'om above downward 
and corresponds to the dorsal region, while the convex surface 
opposite to the hilum corresponds to the ventral face. This very 
characteristic form generally shows itself by the 25th of May (H. of 
the spindle tree). Finally, about the lOtli of June, the embryos 
have reached the larval state, and the chains of Encyrtus have reached 
their full length and present the characteristic form described at 
the beginning of this article. 

Tlie most striking fact in the development of Encyrtus is, then, 
that a single egg deposited within the egg of the moth proliferates 
by division of the nucleus in such a manner as to form a certain 
mimljer of jjlurimiclear masses, and that these, dividing in their 
turn, ju’oduce as nianv morules as there will be embryos in eacb of 
the chains. 

Polyembrvony being, as appears from what precedes, the oi’dinarv 
mode of development of E. fK-sficolUx. it may b(> foreseen that the 
study of tlie Chalcidids, particularly of the group of Encyrtids, 
will result in the discoi'erv of other analogous cases. 

Marchal already cites Excyrtux testiK (■> pea Katz., a })arasite of 
LitliocoUfEs cruineiTUiu leaf-miner of the oak. lie could not see, 
it is true, more than the advance'll stages of the develojtmeiit of this 
species, the observation having been made in October. The larva?, 
to the number of 12 to 15 in a caterpillar, had for the greater part 
already formed their cocoon: but in some caterpillars the parasites 
were grouped in an epithelial tube similar to that of E. fi/.s-ricoJh'fi. 
The structure of the tube being absolutely the same, there is no doubt 
that development takes jilace in the .same manner. 

According to Giard (1808. Bulk. p. 127-120) Utohuixtlc trtnxea- 
tdhiR Dalm. (C opidoffornn Jlayr), may present an embiTonal multi- 
plication of the most active kind. Clo^e to 3.000 of these insects can 
succeed in developing from a single caterpillar of Pluntu pojnnid L., 
whilst the number of eggs contained within the ovaries of the female 
does not exceed a hundred." 

Another case of polyembrvony was observed by IMarchal in Pohjg- 
'notut; minut/is Lindeinan (Platygastf'r) . a minute parasitic Proc- 
totrypid (length 1 inni.) of the Cecidomyids of wheat and oats {C. 
desitrxictoi' Say and tireiw Marchal). The embryos, which one finds 
to the number of 10 to 12 in the gastric .sac of the Ceeidomyia larva. 

« lUnvard ( IS!(2, p. .YS2). who eoimteil 2..i00 specimens of Litoiiianti.r trun- 
nit('Uiifs wliicli hart issued from one <-ater|iillar of PlKxia bruiixird' Rile.v. cal- 
culated tile number of eajrs contained in the ovaries of the female in the 
vicinity of liiO (the maxiiuum SOOp 
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are grouped in such a manner that they form a single ovoid mass, 
rocked by the contractions of the stomach walls." 

The author, it is true, has not as yet observed Polygnotus in the act 
of oviposition, hut having found the freshly deposited eggs in the 
gastric cavity he succeeded in following the multiplication of the 
nuclei, afterwards the grouping of the cells into a number of indi- 
viduals just as distinctly as in Encyrtiis. PolyembiA’ony is there- 
fore well established for this species. The only ditferences from 
E. fusctcoUls are: First, that the morula stage follows a genuine 
blastula with central cavity, preceding the formation of the em- 
bryo; second, the proliferation of the germ being considerably less 
active, the number of individuals proceeding from one egg appears 
not to exceed a dozen in number. (INLarchal. 1908 and 190P/.) 

Other examples borrowed from the whole animal kingdom may be 
associated with the polyembryony of injects. 

In the Cyclostomids (Brvozoa) one encounters a budding which 
takes place in the egg at the beginning of development. In the genus 
LirhriiojHiru this budding is replaced by the breaking uji of the first 
embryo into a great number of secondary embryos. Thus we have 
here a i)henomenon comparable to that which we have found in the 
Hymenopterous parasites. It should nevertheless be noted that the 
secondary embryos thus formed already piesent an indication of the 
emlnyonal lamelhe (planula). whilst the mondes of Encyrtus or the 
blastules of Polygnotus do not present any a^jparent different iation. 
In the other Bryozoa (' rixtaUUti) one likewise observes a 

budding in the egg, Imt it occurs at a much later period; it is only 
when the embryo, having already clearly difi'erentiated two ecto- 
dermic and mesodermic lamellie. is going to transform into a free 
larva that it buds forth many polypoids at its aboral pole. 

In the worms, Kleinenberg in IMID made known the curious case 
of Liiiuljric ux fr((pt'Zoi<h'x. in which the egg develops into two 
embryos; here the multiplication is caused by a sort of iuternal bud- 
ding. interposed at the gastrula stage, before the diti'erentiation of 
the lamella has yet taken place. 

In the Tunicates the Diploxotrntx offer a curious case of precocious 
budding, which gives the illusion of the simultaneous formation of 
two embryos in the same egg; but in realty it is a case of the internal 
budding of an already differentiated embryo ( Salensky. Caullerv. 
Pizon. Perrier). In Pyi'uxomo the budding likewise takes place in 

« In (ibedienee with the centracthms of the stoiua<-h walls the polyaeniiinal 
mass of Polygnotus is carried h.v rythmic niovements, wliich transport it liy 
turns from in fnjiit i)ackwar(l and from behind forward. This movement, of 
which tile effect can lie <-ompared to th.at of tlie shaking of ecys, would have, 
according to Marchal (1904), an iutluence toward the division of the germ. 
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the egg. but in a slower manner, and it is only when the embryo is 
t'ormed that it emits a yentral stolon; it afterwards divides trans- 
versely into four buds, each one of which develops into a new indi- 
vidual (according to Hiixlev, Kovalevsky, tSeclinger, etc.). 

From the cases above cited, where the budding is effected in the 
egg, one passes on insensibly to the veiy frequent and well-known 
processes in which agamic I'eproduction takes place after the animal 
has already left the egg ( Crelenterata, Orthonectids, Dic^’omids, 
Plathelmintha, Tiinicata). The preceding observations appear, 
therefore, to establish a continuous series linking the poh’embryony 
of the Hymenoptera Avith the cases of agamogenesis that occur in 
the advanced stages of dcA'clopment. 

Again, from a very general point of view, the processes of poly- 
embryony may be associated with the cases of experimental blas- 
totoniy recently recorded Ijv several authors. 

Driesch (1S9:2). causing a temperatiu-e of d]° to act on the eggs 
of Echinids. obtained a se[)aratiou of the blastomeres into two or 
more groups: Lod) obtained a like result In' mixing e(pial 

jiarts of distilled water with th<‘ sea water in which the eggs are 
found." 

Another experiment carried out by Eoeb ( 1894) with the eggs of 
sea urchins and by Bataillon (1900) with the eggs of Petroinyzon 
and of Teleosteans consisted in dividing the egg into se\'eral grotips 
of hlastomeres by means of a hot needhv Both of them obtained 
complete larvie. each blastomere or group of blastomeres again con- 
stittiting an embryo liy itself. 

Ryder (1893) obtained do!d)le monsters by shaking the eggs of 
the trout. The A'itellus accuimdates on the two sides of the egg. 
forming tAVo distinct individuals. 

In the same Avay it is ])ossible. by making a constriction around the 
egg of Triton AA'ith a silk thread, to jArodnee tAvo complete larA'ic. 
united only by the skin of the abilomen. (Endres, 189.1; .Speman. 
1900 and 19O10 

These iiiA'estigations speak, as one sees, in favor of the so-called 
Isotropic constitution of the egg. each blastomere or group of blas- 
tomeres isolated in the manner imlicated being callable of forming a 
complete individual. 

Marchal expresses the facts A'cry well in saying that as much in 
spontaneous polyembryony as in ex[)erimental blastotomy each part 
of the egg contains the comjdete heretlitarv patrimony capable of 

" Tlio esjj in aliserliiiii; tile Avatcr Inirsts its iiieiulir.-me ; :i jiortion of tlif- 
cytoplasia issues from the inontli of the niiitiire and forms a gross hernia, 
Avliii h the autlior calls r i triionit. The nucleus divides and sends forth a 
j oiing nneleiis into the extraovat. In this luaiiuer. like the i iitriioriit. it dei’elop.s 
into a eoiiiiilete larva ( aftt'r Delage, I/heredite, 1S9.J, p. 
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accomplishing the formation of an individual conforming to the 
specific type. 

Another question which arises is that of determining whether, in 
the class of insects, polyembrvony may be considered as having pre- 
ceded or followed phylogenetically the other modes of agamic re- 
production. such as the pedogenesis of the Cecidomyid;e or the cyclic 
parthenogenesis of the Aphides and the Cyuipidie. narmer, from 
the Bryozoa, arrived at the conclusion that embryonic division may 
be a conseciuence of the blastogenic faculty of the adults. Perrier 
looked in the same way upon all the budding animals. 

Considered from this point of view, the polyembrvony of the Chal- 
cididte ajipears. not as an initial phenomenon, but as a secondary 
adaptation due t(» an acceleration of embryonic processes (Tdfhrj- 
(fcncffis of Perrier, 1902). The object of this adaptation is to ac- 
complish th(‘ preservation of the species l»y ])nshing its multiplication 
to the highest limit possible, since the existence of the adult Encyrtus 
is short and precarious. 

As to thi' determining cause of the division of the germ, it is, 
according to Marchal, in the sinlden jirecipitation of more dilute 
liquids into the midst of the nourishing m<>dium and in a concomitant 
modification of osmotic exchanges to the interior of the cells. It is 
to be noted that in Encyrtus ])olyembryony actually reaches its great- 
(‘st intensity at the moment M ben tlie caterpillar of the Hyponomeuta 
begins to feed (first days of .Vpril) and in Polygnotus at the pei’iod 
when the young larva of the Cecidomyia gorges itself with sap. Xow 
the protluction of sudden changes induced by osmotic jiressure con- 
stitutes precisely one of the processes emjiloyed to bring about the 
separation of the blastonieres and their development into a number 
of distinct individuals, as lias been demonstrated by the already 
mentioned experiments of Loeb and Bataillon.® 

Furthermore, connected with polyembrvony is the quescion of the 
determination of sex. and in this particular it offers a special interest. 

I have already observed, in the course of my studies on Encyrtus 
(1S91. p. .j 27), that all the individuals emerging from the same cater- 
pillar a^ipertained. in most cases, to one sex only.'' A total of 21 
carefully controlled observations gave me .I times males exclusively, 
9 times females exclusively, 3 times a great majority of males, 1 time 
a great majority of females. 3 times males and females in nearly equal 
numbers. 

Marchal has likcAvise observed that the Polygnotus that issued 
from a single larva of Cecidomyia nearly always belong to the same 
-ex (1901, p. 314). 

“ See on the subject of the influence of pressure. Bataillon, lOOOn. 

6 The observations relatiu}; to the parthenogeuetic reproduction of PtfromaJun 
puparum are recorded in the memoir of Howard. 
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These facts, which we had crudely tried to attribute to occasional 
Ijarthenogenesis “ (the caterpillars giving exclusively males being, 
accoi’ding to this supiaosition, those which had been stung liy unfer- 
tilized Encyrtus) we now explain in a far more rational manner. 

In man. genuine twins, inclosed in a single chorion, jjrobably pro- 
ceed from one egg. In sjrite of the dili'erent hyjrotheses which have 
been j^roposed, 2 JRi'ticularly in recent years, on the subject of their 
formation ( Rosner, IhOl) it is natural to admit that the twins 
develoji by the sejuiration of the egg into two jjai'ts (spontaneous 
blastotoiny ) . Xow it has Imtu determined that genuine twins are 
ahvays of the same sex. It is also known that, apart from some 
extremely rare cases, there is identity of sex in double monstrosities. 
The excej^tions to this rule are })robably explained by the fact that 
certain monstrosities form by the union of two eggs. 

Still another case [Dresents itself in the mammals, and which, even 
more than the preceding ones, seems comiiarable to those of Encyrtus 
and Polygnotus. It is that of the armadillos {Daxijpiix or Tutu sin). 
This, in fact, does not involve an accidental case, but a phenomenon 
of specific character; these animals bring into the Avorld. according 
to the sjwcies. a litter of 4 to 11 young. Avhich are all and always of 
the same sex. Now it was determined by Shering (ISSU)'' that all 
the fetuses are enwloped in a common choi’ion and in consequence 
belong to the tyi)e of true twins. Rosner (1001) had been able to 
crudely exirlain the fact by the habitual presence of a number of 
ovules within a single graafian follicle and had likewise concluded 
that all the cases of monochorial luidding j)regnancy might be 
explained in the same manner. But Cuenot (lOO:)). reopening tin* 
que.stion, ascertained that in the species studied by Rosner {T. 
iioi'enu-iiictii L. ) the mono\ ular follicles are five times more numerous 
than the pluriovular ones. It is therefore inqmssible to admit that 
the latter alone furnish fecundable eggs, and the author concludes 

"This (ibscrvation is easy to repeat. One knows that the rateri)illars of 
llypononienta Ki'oup their cocoons in tnore or less volnininons clusters (n<‘sts) 
attaehcfl to the hriuiehes. The chrysalids are to he fomnl within tlu“ cocoons, 
in .Tune with the llypononienta of the siiindle tree, in .July with the llyiiono- 
nienta of Prunnx j/ailiix. The parasitized i-ocoons are immediately recognized 
by their hard consistency ; it is easy to pull them apart and isolate each of them 
in a vial (well dried), closed by a paper tied over the neck. After all have 
issued the Encyrtas may be killed by puttins a few drops of chloroform on the 
paper. Then treating them with alcohol, oil of cloves, and Canada balsam, all 
the Encyrtus proceeding from the same vial are mounted on a single slide and 
one can then observe, under the microscope, the proportion of the two sexes. 

* Shering examined two pregnant females of Tutiisia hyhrida Desm. of 
Paraguay ; each one of them contained eight fetuses, all masculine in both 
cases, enveloped in a common chorion. 
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that, in all probability, the multiple twins of the armadillo proceed 
from a single egg. 

The discovei’Y of ^larchal comes jnst at the right time to throw a 
new light on this question, so interesting and so much discussed. 

From the fact that Encyrtns and Polygnotns which have issued 
from the same larva are nearly always all males, or all females, it 
is to Ire concluded that this is the one natural insult of polyembryony 
and that th(‘ sexes will be separated in this manner whenever the 
embryos jiroceed from the division of a single egg. 

The fundamental fact derived from this study is that all the 
caterpillars, oi- larvie which contain a single chain of embryos, pro- 
duce imagoes pertaining to a singlt* sex. But as the same caterpillar 
frequently su])])orts two or three chains of eiubrvos. them is nothing 
astonishing in seeing males and females i^siie in more or le^s equal 
numbers. Finally, the cases in which one finds individuals of both 
sexes, but in unequal numbers, are explained bv the partial abortion 
of one of the chains and the survival of only a few individuals, 
alongside of another normally develo[)ed chain. 

It appears that the discovery of polyembryony confirms a fact 
already suspected but iiicomitletely demonstrated up to the itn'sent — 
that is. the knowledge that the determination of sex within the fer- 
tilized ovum is definitely consummated before th(‘ lirst segnumtation 
of its nucleus. It. therefore, the facts taken from the observation 
of the parasitic Ilymenoptera apply eiiually to the higher animals, 
it is inexact to s[)eak. as is sonuTimes dotie. of an indifferent 
embryonal jteriod from the se.xual jtoint of view. The inditference 
is probably apparent rather than real, and it appears probable that 
once fecundation is effected the sex is irrevocablv fixed. 
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A CONTKIBUTION TO THE MORPHOLOGY OF THE MAM- 
MOTH, ELEPHAS PKIMIGENIUS BLUMENBACH; WITH 
AX EXPLAXATIOX OF MY ATTEMPT AT A EESTOEA- 
TIOX.“ 


l!y E. I'FIZE.MIAYEB. 


Oiir knowledge of the fossil j^aohydorins has received iinportaiit 
accessions in every respect through the niannnoth carcass brought to 
light in the Siberian “ taiga," on the Beresovka Eiver, and discov- 
ered by Lainnts. which was I'ccovercd in a more nearly perfect condi- 
tion than any hitherto obtained. The find on the Beresovka has not 
only made otir knowledge of the skeleton of ETephun priDi'ujenim 
coinitlete for the first time, but the left tusk, which was preserved, has 
solved in a satisfactory manner the question as to the position of this 
modified incisor tooth in the .skull, and especially as to its curvature 
and the direction of the tip, since it was possible to determine posi- 
tively its original position in the alveolus. Our morphological knowl- 
edge of the mammoth also received important additions through the 
Bere.sovka discovery, in spite of the fact that the state of preserva- 
tion of the soft parts was less satisfactory than that of the skeleton. 

In the light of our present knowledge of the mammoth, and espe- 
cially of its exterior, the v arious existing attempts at a restoration 
need important corrections. Apart from the many fancifid sketches 
intended to portray the exterior of the animal, all the more care- 
fully made restorations show the faults of the skeleton, hitherto 
regarded as tyijical, on which they are based, especially the powerful 
semicircular and upward-curved tusks, the long tail. etc. 

As these false conceptions of the exterior of the mammoth, both 
Avritten and in the form of pictures, are contained in all zoological 
and paleontological text-books, and ca'cii in scientific monographs, it 

a Translation, by permission, of Beitrag zur Morpliologie ron Elephas primi- 
ijenius, Biumeub. unit Erklilrung ineines UeconstriK-tionsversnches (Separat- 
Abtlruek aus rien “ Yerlianctlniigen der Riissiseli-Kaiserlicben Jlineraiogiseheu 
Beseilscbaft " zu St. I’etersbiirg. BU. XLIII, I.ief. L’, ttMltii. 

For a further account of tile Beresovka JIatunioth, see tiie Smithsonian Report 
for 1003, pp. nil-lU.-i, pis. I-II. 
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heeins necessary to construct a more nearly correct picture, based on 
our present knowledge. I have ventured on this task, because as a 
uieniber of the latest expedition for mammoth remains I was per- 
mitted not only to become acquainted with this newest find while still 
in its place of deposit and to take part in exhuming it, but also to 
visit the zoological museum of St. Petersburg, which is so rich in 
manunoth remains, for the purpose of studying the animal more in 
detail.'^ 

The trunk is lacking entireh’ in the Beresovka Mammoth, and 
the soft jtarts of the liead (exce23t the tongue) were destroyed in this 
new sj^ecimen. The trunk, however, jtrobably dincred scarcely at all 
in form from that of the recent elephants. The numerous figures 
found in the caves of southern France, a part of which the dwellers 
in these caves drew on the walls, and a part engraved on j)ieces of 
bone, indicate to us that the men of the stone age knew the mammoth 
vert’ well, and even hunted it. 

These drawings ail show a strongly-developed trunk and give us, 
besides, many other noteworthy clues regarding the exterior of the 
mammoth. Very interesting is a published “ mammoth ” drawing of 
this kind which was found in the year 1804 in the cave “ La Mouthe,” 
in Dordogne, and of which I was made acquainted shortly before the 
jtrinting of my work.*' In this drawing, which is executed in a quite 
childish fashion, with only a few strokes, the old artist has, above all, 
rejtresented the characteristic position of the tusks in a very striking 
manner ; the short tail is also indicated by one stroke, and a powerful 
trunk is likewise to be seen in the drawing. As this sketch, made cen- 
turies ago by a human contemporary of the mammoth, sustains in 
a gratifying manner my view of the position of the tusks in the full- 
grown animal (to be explained below). I have co^^ied it in tig. 1. 

The old manmioth skeleton of the zoological museum (of St. 
Petersburg), exhumed in ISOG in the Lena delta, still shows to-day 
the partly-jtreserved and blackened soft jtarts of the head. A 
Takutsk merchant. Boltunoff, saw this mammoth many years before 
the arrival of Adams in an alleged better state of j^reservation, and 
speaks, in his description (still extant) of the carcass, of a long trunk 
which he noticed on tlie head. 

Boltunoff also saw Imth ears on the Adams mammoth head, and 
gives their length as G 11 cmchoJi (2G.5 cm.). One, the right ear, is 
still preserved, and as it is comidete it shows us that in the mam- 

“ I will uot ueglect to luentiou that in the development of my restoration in 
water color, as well as in the preparation of the text figures, I receiv^ed much 
assistance through the artistic skill of my wife. 

* I owe this “ mammoth " sketch to the kindnes.s of the archeologist, Count 
1 . A. rntj.itin. It is imblished in Emile Itiviere's “ The engraved and painted 
walls of the cave of l.a Mouthe (Dordogne),” pi. -J., fig. B. Paris, 1005. 
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moth the ear was much smaller than it is in the Indian elephant. 
The length of the ear as given by Boltunoff is too short. It is really 
38 cm. long, and its greatest breadth (in the middle) is 17 cm. From 
the stumps of the broken bristles and soft hairs on this ear, which 
in some j)laces on the outerside, and especially on the borders, are 
still quite thick, it appears that the ears, like the whole body, boro 
a thick covering of short, woolly hairs and longer bristle-like hairs. 

The huge head passes into a short neck, which appears shorter than 
it really is on account of the powerful development of the muscles; 
and this joins a thick body, which is short in proportion to its height. 

The tail, first made known through the Beresovka find, was 3.'> 
cm. long in this mammoth (measured along the underside), and 
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hence decidedh’ shorter than in existing elephants. The number of 
vertebra’ was only twenty-one. 

The- legs are thickly covered with hair throughout, from the homy 
tips of the toes upward. The skeleton of the foot shows important 
deviations from that of the existing elephants. Metacarpal I and 
metatarsal I bear no phalanges; the remaining four metacarpals and 
metatarsals bear only two; the ossification of the third (or terminal) 
phalanx takes place only in entirely full-grown examples, while in 
younger individuals, such as the Beresovka Mammoth, it is rudi- 
mentary and cartilaginous. 

If. tlierefore. the mammoth in the conformation of its body does 
not difli’r materially from its living allies, except in the characters 
already mentioned (although it exceeded them both in size), yet by 
rea>ou of its characteristic tusks and its hairiness, it had a quite 
di rt’erent appearance. 

Ih-garding the hairy coat of the mammoth, in so far as it is revealed 
to Us through the Siberian carcasses which have remains of the 
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original hairy covering, riev-.s are at present diverse. Through the 
discovery of Siberian mammoths with partially preserved soft parts, 
the question of the hairy coat is only in part definitely settled. 

All the different assertions regarding the mane of the animal are 
due to suppositions, or rest entirely on untenable conjectures. For 
in every case only a small part of the skin of the body was found 
more or less nearly intact, and in these pieces the woolly hair remained 
only partially fixed, while the long bristles, if present, were at best 
more or less broken and usually quite loose, so that they could only be 
collected from around the carcass. 

In the Beresovka Mammoth the circumstances were the same as 
regards the haiiy covering of the body. As in this animal, the epi- 
dermis was decomposed, so that the hairs had rotted at the roots, the 
short, woolly hair remained fixed only on the parts which were cov- 
ered with earth and 25i’otected from the weather, as, for exami)le, on 
the left fore leg and the right hind leg, some jidaces on the belly, 
etc. The long bristles were only sparsely j)i’esent among the remains 
of the woolly coat, and were everywhere more or less broken. For the 
space of a meter about the carcass the loess was in places unmis- 
takably set with hairs, which Avei’e often assembled in larger or 
smaller bundles. As already remarked above, it was princii)ally on 
the legs, where they had been covered with earth, that the thickly- 
felted woolly hair remained, and Avith it the bristles, still i)i situ, 
though mostly broken. On the rest of the body (leaving out of ac- 
count, of course, the back, where the skin and soft jjarts were de- 
stroyed doAvn to the bones) little more of the hairy coat Avas to be 
seen. The jiieces of skin hanging to the sides on the right and left 
shoAved traces of the hairy coat only on a few protected jAlaces. On 
the jArotected underside the skin Avas most nearly intact. But here 
also on the skin of the belly the hair Avas nowhere still fast. The 
covering of Avoolly and bristly hairs, Avhich Avas here abundant, could 
lie collected only after the sejAaration and removal of the carcass from 
the loess and the ice strata in Avhich it had been frozen. 

The destruction of the soft jAarts of the head and back aboA^e men- 
tioned Avere due to the imperfect lArovisional safeguarding of the 
carcass before the arrival of the exjAedition. The carcass, Avhich Avas 
bought by the Koblymsk Cossack JaA’lovski from its Lamut dis- 
coA'erers as a sjAeculation, after he had insiACcted it. Avas coA ered again 
Avith earth and stones and so left to its fate on the " taiga " for many 
months. The consequence of this mode of safeguarding Avas that 
wild beasts partially de.stroyed the soft parts, and climatic influences 
also did great damage. A much more duralile temiAorary protection 
against Avild beasts and the Aveather, and one guaranteed to afl'ord 
security in the case of a AUAluable find, would be to erect a roughly- 
constructed blockhouse oAer it. The Avood for the purpose, suppos- 
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ing: that the find occurred within the tree limit, would certainly, iji 
most cases, be available, and as all ivory hunters and other hunters, 
etc., alwavs carry hatchets with them it would not he a hard task to 
make such a structure, and it could be set up by two or three men in 
a few davs. If a find appeared sufficiently important to induce these 
])eople to report it. the prospect of a reward should cause them to 
follow instructions siven them for its preservation. 

My observations at the place of discovery of the Beresovka iVIarn- 
moth and examination of the pieces of skin of the Adams Mammoth, 
as well as skin fragments from other earlier specimens preserved in 
the fSt. Petersburg] museum, lead me to the belief that the long 
bristly hairs were distributed throughout the neck and body about 
equally as regards length and density." It follows from this that 
the hairy coat of the mammoth had the closest similarity to that of 
the musk-ox. The mammoth, however, as little as the musk-ox. can 
be said to have had a mane on any jnirt of the body, which by reason 
of the greater length of the bristly hairs extended l)eyond the sur- 
rounding hairy parts of the body. It is quite possible that the 
l)ristles reached a somewhat greater length on the breast and neck; 
they did not extend, however, beyond the long hair of the rest of the 
l)ody in the foi'in of a mane. 

Brandt, in his description of the hairy covering of the mammoth, 
says •“ that the body, in cauifirmation of Boltunotf. Adams, and Tih‘- 
sius, was clothed Avith long, thick hair, is demonstrated by the piece 
of skin brought l)ack by Adams. Avhich is to be found in the museum 
of the 1 8t. Petersburg] academy, on whicli in two jAlaces — each 
some inches in diameter — firmly attached hairy coAering Avas found 
intact." ( ?)" 

Brandt remarks further in the same article that Boltunotf, aaIio. 
as mentioned at the outset, saAv the Adams Mammoth in a better 
state of preservation than did Adams, made no allusion to a mane 
in his description. Avhile Adams, evidently misled by the long bristles 
found near tlie carcass, speaks of one, and thus first brought forAvard 
the theory of the presence of a mane on the neck and breast. 

The draAvings made by the ancient mammoth-hunters all shoAv 
inflications of a long hairy coat, not only on the neck and breast, but 
also long hair hanging from the sides and belly. 

The l)ristly hairs of the mammoth reach a length of about “>0 cm. 

'lAccenlinc; to the investijiations of Mohius on a piece of skin of the Adams 
Alauunoth pres(‘rved in the Perliii Zoolo!;ieaI Museum, the distance between 
tile wo(j1.v hairs amounts to 0.2 mni. at most, and between the bristles 4 to .’> 
mm. ( See AJiibius. “ Tile hair of the mammotli and of the living elepliauts 
compared," in Sitzber, Berlin Akad, AA'iss., 1,S02. ]), .■')28, ) 

!< Brandt, "Observations on the form and distinguisliing <-haraeters of the 
Mammoth " in Bull. Acad. Sei.. St. Petersb.. .">. p. .AT!*. 
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on the neck and bod}’. The very thick woolly hair which forms the 
iinderfur has an averaoe length of d or o <'in. At the end of the 
(Titirely hairy tail were, in certain places at least, a luiniljer of long 
l)ristles a millimeter thick, which here formed a dense tuft. 

The color of the Ijristles mnst have been rust brown originally, 
somewhat lighter or darker on various jiarts of the bodv. In the 
remains preserved, this hair has become lighter through bleaching, 
varying from dull fox red to fawn brown. The woolly hair varies 
from light fawn to yellowish brown. 

The most essential distinguishing character of Elephnf^ pr'imi- 
f/entiis^ and indeed of all prolioscidians li%'ing and extinct, is found 
in the incisor teeth. Through the discovery of the Beresovka Mam- 



moth the (piestion of 
their position in the 
skull and of their cur- 
vature and tlu‘ direc- 
tion of the tijis was 
settled in a most jxisi- 
tive manner, as al- 
ready mentioned. 

In the Beresovka 
Mammoth only one 
tusk — the left — was 
found, and this one. 
indeed, was no longer 
in 2)lace when the 
exiiedition arriri‘d. 
Tlie discoverer of the 
carcass had destroyed 
a [lortion of the iip- 
2;er alveolar wall by 
strokes of a hatchet 


and had then sejia- 

rated the tiislc from the alveolus and carried it to Kolvmsk. wlnu'c it 


was stored away by the authorities. Bpon fitting the tusk into the 
alveolus, it was immediately demonstrated that it belonged to our 
skeh'ton. 


The reconstruction of the skeleton having been intrusted to me. I 
was able to convince myself that the original itosition of the tusk in 
the alveolus could be determined in an uiKjuestionaldy correct man- 
ner i)\ insjjection of the hatchet '-trokes. The strokes by which the 
vail of the alveolus was cracked off had indented the surface of the 
tusk. If tlie latter, which was only broken a very little at the base, 
was till list into the alveolus as far as the indentation of the ujijier- 
most transverse hatchet stroke visible on its surface (this place is 



CONTRIBUTIOK TO THE MORPHOLOGY OF THE MAMMOTH. 327 


indicated, bv an ,v in tig. 2), and this indentation on the surface of 
the tusk fitted to the cut surface of the penetrated wall of the alveo- 
lus, the tusk was inserted as deep as it possibly could be. It then 
fitted in its alveolus like a dagger in its sheath, and e^ en the smallest 
turning to the right or the left was impossible. 

The two tusks, which stand with their bases at an acute angle with 
each other, after passing out of the alveoli first point downward, 
then curve outward and somewhat upward, and finally the ends turn 
inward. The worn surface (marked with an <i in fig. 2) is found on 
the upper side of the tip. sloping both outward and inward. Tusks 
in an uicomplete condition as regards development, such as those of 
the immature Beresovka INIammoth, wliich have as yet no pronounced 
spiral form, almost always have the worn surface on the upper side 
of the tips. Exceptions correspond with the greater or less degree of 
curvature, in which regard the tusks of Elepluifi priinUjetihift otl'ei' 
numerous variations. Why the mechanical abrasion of the tusks in 
the stage of development represented in the Beresovka ^lammoth are 
necessarily on the upper side of the tips I shall endeavor to explain 
later. 

It follows from the position of the tusks of the immature Bere- 
sovka iMammoth that the points in tliis stage of development are 
normally bent inward (fig. 2)." 

The spiral development of the tusks, whicli like all rootless teeth 
grow steadily from tlu‘ base until they reach complete development, 
on account of the fact that the tii)s are first directed inwai’d. leads 
finally to their curving downward. Such strongly develo])ed tusks, 
with a curvilinear length of over 4 meters, are borne by the mam- 
moth in my restoration. The distance between the tips reaches 
about 50 cm. 

This position of fully-developed tusks makes at first, perhaps, a 
strange impression. The tusks of the Beresovka iMammoth already 
show some indications of the further develo])ment which occurs in 
Elt'phts pr!mic/c)i!i/s through spiral twisting, but we have tangible 
proof of that development in various othei' tusks which are in a per- 
fect state of preservation. 

The tusks in my restoration are in exact reproduction of the two 
powerful specimens in the collection of the St. Petersburg Zoological 
Museum. They are both in jwrfect condition and show l)oth the pidp 
and the tip intact. They illustrate in a typical manner the extraor- 
dinarily strong spiral curvature of fully-developed mammoth tusks, 
as their length from the base in a straight line is s(jni-c(4y more than 
half their length along the curves. II. Pohlig descrilx's these two 

a See W. Saleiiski’s work on tlie niaiiiinotb (iii Russian). St. i’etersbnrv. RHi:!. 
n. 84. pis. 24. 2.5. 
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tu.sk.s in his monograph on the Dentition and Craniology of Ele- 
■phas (udhiims Falk." Straueh states that these t^yo huge tusks wei'e 
In-ought from the Kol^mia Eiver by the merchant Gi’oiiiotf, and that 
they were “ both found still sticking in the skull." '' 

The right tooth of this pair measures 2.2.5 meters from the base 
to the tip in a straight line; its length along the curves is .3.91 
meters; its maximum circumference 90 centimeters from the base 
equals 40 centimeters; and its weight is 75|1 kilos. On the inner side 
42 centimeters below the tip this tooth bears a rather Hat. elongated, 
oval, sharply defined depression 19 centimeters long and 04 centi- 
meters broad, which, as Pohlig notes, was formed after the animal 
was killed. 

The left tooth is the larger. It measures 2.12 meters in a straight 
line from base to tij:) and 4.1(i meters along the curves; the maxi- 
mum circumference is 90 centimeters at a ])oiut 4^4 centimeters from 
the base. Its weight is 84..', kilos. 

My measurements of the left tooth of this pair agree almost 
exactly with those given by Pohlig for the right (compare Pohlig's 
measurements, viz. 4.33 meters for the length along the curves and 
0.9 meter for the maximum circumference at a jmint 0.49 meter 
from the base). Ou the otlier Iiand, the curvilinear lengfh (391.5 
centimeters) of the tooth desci’ibed by him as " the other equally com- 
plete and entirely similar mammoth tusk of the same museum" 
(loc. cit., p. 323) corresjjonds witl) the curvilinear length of the 
right tooth which I measured. This remarkable circumstance I can 
only explain Iw the supposition that tlie measurements of the two 
teeth were interchanged in the monograph cited. That the teeth 
there referred to are the same that T am describing here appears 
from the fact that Pohlig gives as a peculiar mark of one. which 
he calls the light, the shallow saucer-shaped depression. Further, 
there existed in the museum no sc'cond tusk “just as complete and 
entirely similar " besides the one described by me above as the left, 
while these two absolutely similar tusks are a unit as regards size, 
comjjleteness. and condition. 

A still stronger spiral twi>.ting in proj)ortion to the direct length 
is shown in a tusk also to l)e found in the collection of the [St. Peters- 
burg] Zoological Museum, which is likcuvise mentioned by Pohlig, 
and of which he gives two figures.'' This tooth, which is a left one. 
is only 98 cm. long in a straight line, as against 1.59 m. around the 
curves. Its maximum circumference ( HO cm. from the base) is 23.7 cm. 

« Xora Acta K. Laop. ('ami. Acail.. Bit. 1. 7, pp. ;>21-.Si;2 (illustration in PI. 
B. Hf!. .t). 

^ X. Straueh, The Fiftieth Auuiver.sary of the Imperial Academy of S< ■iences 
of St. I'etershurfi. p. -‘Sol. 

"I’afie .'122 of the luonoffraph jireviously ineiitiom'd. PI. B, lifj.s. 4, 4ii. 
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This tooth is very well 25reserve(l. From the alveolar jiart a jjortioii 
about the jnilp wall of not more than 5 em. in length is broken otl'. 
The conical top of the i)nl23 cavity. al>ont (i cm. Jeei), is still jDiesent. 
From the tij^ a small piece is broken off. Of this very interesting- 
tooth I give a figure showing the outer surface from the side, with an 
indication of its ijosition in the skull (fig. 3n). :iPd also a view from 
in front (fig. 3i). 

As it is an important point in my exposition relative to the j^osition 
and direction of fully develojjed (or. in 
other words, strongly spirally twisted) 
mammoth tusks in the alveoli, I must in- 
sist that the smaller left tusk described 
above can not, as Pohlig asserts, be a right 
tusk. Its }30sition in the alveolus as a 
right tooth is entirely inconceivable, and, 
l)esides, its entire form and cnrvatiin' 
show that it is a left tooth. 

During my journey in Siberia I saw 
many larger and smaller fragments of 
shorter and hence still more strongly sjn- 
rally curved mammoth tusks in the stock 
of Russian and Yakutsk traders in fossil 
ivory. The smaller tusks, which are easy 
to transjjort, are mostly brought in entire 
to these traders by the ivory collectors, 
while the large tusks, on account of being 
difficult to transjiort, are commonly cur 
uj) where found. 

The abraded surfaces (marked ‘■'a " and 
shaded in the outline of the right incisor 
in fig. 3A), are found on both the large 
tusks represented in mv restoration, as 
well as on the e.xterior of the last-rlescribed 
smaller tusk — that is, on the front t)f its 
ends, running right and left. They in- 
clude almost the whole anterior face of 
the downward-directed iiortiou of the tink ’'‘'immoui m st 

’ Petersliitrif Miistdiin 

In the twolar^e teeth the al^nided siirfaee- 

measure from the tip upward about 120 cm. On the left tusk of these 
two, on the anterior side of the end, directed somewhat inward, an 
original abraded surface is recognizable, 30 cm. long and 7 cm. broad 
at the middle. It has been gradually worn away Iw the newly-made 
second abrasion at the downward-curved ti^i of the tooth, and in the 
right tooth of this jjair has already entirely disapjjeared. The small 
original abrasion, such as that found on the ujtjjer side of the end of 
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the tusk in the Beresovka Mammoth, as well as the secondary more 
extensive abrasions, could have only arisen through the circnmstance 
that the animal used its developing tusks, and later the downward- 
directed tips, for detaching its food. While for a large part of the 
year ice and snow covered its northern feeding ground, it could, by 
means of its tusks, dig up out of the snow its food, consisting mainly of 
grasses and higlu'r plants, shrubs, ('tc.. and indeed in wandering about. 



tossing and scraping away the snow and ice with its tusks, it collected 
its food together and then took it in with its trunk. I often wit- 
nessed the same among the tame reindeer, which at tliis time of year 
beside freeing their food with the front hoofs also in similar manner 
by strokes and scraping with the downward-directed shovel-like 
brow-tines of their antlers. The lower ends of these brow-tine 
shovels were abraded through their use in snow and ice. mixed with 
stones, sand, etc., and the harder the antlers the more thev were 
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iihrarled. It is olnions that the luaminoth ooTild only reaeli the 
ground with the ends of its tnsks if they were placed as indicateil in 
iny restoration. How conld the abrasion surfaces arise, which are 
formed very gradually in the later, far-advanced stages of develop- 
ment. if fully develoj^ed tusks had the direction they were formerly 
supposed to have — that is. projected up into the air in a semicircle ? 
(See the figures of the Adams Mammoth skeleton.) In such a jjosi- 
tion the tnsks would be entirely useless ornaments, while, if placed 
as thev really were, besides their above-described use the animal had 
in them also a powerful weapon. It is. moreover, not doubtful that 



Fki. 4. — Cranium of mainumth in Cr.ifow 


to the almost continuous use of the tnsks as digging implements, 
which use was only interrupted during tlie short northern summer, is 
due their jiowerful development, and also especially the direction of 
the tips. 

After the preparation of my restoratitm I received an extremelv 
instmctive ])hotogra 2 )h of a mammoth cranium, which is in the 
museum of Cracow University. This cranium was found in IS.tl 
at Rzianka. in the neighborhood of Kzeszow. in West (lalicia. under 
the loess." 

Thi'; ])hotograph (fig. 4) shows the cranium from in front. The 
" .lahi'buch dev seul. Iteiehniistalt in AVien. 2 .Tahrg.. IV A'ierteljahr. j). LIS. 
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curvilinear length of the complete left tusk (the shorter right one is 
broken) is almost exactly ilOO cm.; its circumference at the place 
where it leaves the gum is 30 cm. Its direct length is I.IT cm., wherein 
it is seen that the spiral twisting of this tusk is much less than in the 
shorter left tusk described above, rvliich is in St. Petersburg. Its 
position and direction, however, confirm fully what I have maintained 
al) 0 ve.'' 

The tusks belonging to the Adams Mammoth skull, as well known, 
were sawn olf at the place of disco\'ory, with destruction of a part 
of the alveoli. On the stumps of the original tusks, when the skeleton 
was set up. were placed other tusks without the alveolar part, which 
were made up of ditferent pieces not belonging together. The right 
tusk consists of three pieces and the left of two jaieces. The edges of 
the jaieces where they were joined were planed off and the surface 
stained to agree with the rest. The tusks " restored ’’ in this manner 
correspond neither in size, length, direction, nor curvature with those 
avhich this huge individual originally carried, nor especially with 
complete, fully-developed tusks, and can not have the proper direc- 
tion. That these tusks are made up appears not to have been noticed 
before, for Brandt writes in his “■ Remarks on the form and distin- 
guishing characters of the mammoth: " " That the tusks placed in our 
mammoth skeleton by Adams (which were bought in Yakutsk and 
show no traces of artificial separation) do not belong to it. ap^iears 
from their less breadth in comparison with the basal 2 :)arts of its own 
i:)ro 2 ier tusks which remain in the skull." Pohlig. who was in 8t. 
Petersburg in IS'JO. and examined the Adams iMamnioth skeleton, 
remarks in his monograijh, already many times referred to (2)2^- '^-3. 
388). that the tusks are not only an additioia but that they are not a 
pair and belonged to a much less 2 >owerful animal. Regarding their 
being made ipj of different 2 )ieces. which is most im 2 ^ortant, he says 
nothing. 

The Adams Mammoth skeleton was first made known through 
Tilesius' figure (see Mem. Acad. Inpi. Sci., St. Petersbourg, 5. 
1S1.J, 25h Id), which re 2 )resents it with the tusks curving ipnvard 
and outward, and with the ti 2 )s directed toward the shoulders, as 
they remained until the recent dismounting. Cuvier, in his " Re- 
searches on fossil bones." ivpjeats Tilesius' figure (Oss. foss.. 2)1. 11. 
p. 174) and says regarding it: "The tusks of the Adams skeleton, 
to judge by the figure, were 12 feet 7 inches long" ( 2 ). 174), and 
further " it appc'i*s that the tusks were in general large, often more 
or less .spirally curved and directed outward" ( 2 ). 200). The 

“At iny request l*i*efessnr Szninoehn. of Kraeow. li:ul tlie irreat kiialness to send 
me the pliotograiih and iiieasiu'euieiits of the eraniuui and to permit tlieir rejiro- 
duction. 
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restored condition and false direction of the tusks of the Adams 
^Mammoth skeleton were unrecognized by Cuvier, to whom it was 
known oidy from a drawing. By the reproduction of Tilesius’ 
drawing in his celebrated work, the same was made known to, and 
distributed throughout, the world, and thereby false ideas regarding 
the tusks of the mammoth were disseminated. For wherever a 
picture of a mammoth skeleton is desired, a copy of the drawing 
above mentioned is always to be found. 

The discovery of the Beresovka Mammoth, which helped to clear 
up the misconception regarding the position and direction of the 
tusks, is. therefore, so much the more important. It is quite certain 
that some one will yet be fortunate enough to find in the Siberian Far 
North a skull of EJepluis priinuienhiK with fully develojied tusks still 
in their original position, and jireserve them for science: and I believe 
such a discovery will establish positively my views as here given. 

The knowledge of the exterior of the mammoth is, through the 
carcass brouglit to light at Beresovka. if not carried to finality, at 
least extended in an important degree. The completeness of the dis- 
covery was thivarted. as above mentioned, principally by the insuffi- 
cient jirotection afforded by the provisional shelter of the body. 
Thereby a large part of the hairy covering of the epidermis was 
detached, a part of the back and all the soft parts of the head were 
destroyed, particularly the characteristic organ of the proboscidi- 
ans — the trunk — a part of wliich was, however, found by the original 
discoverer. \et, through the Beresovka Mammoth, many deficien- 
cies and many errors in our knowledge of the morphology of 
Elephun priinUieiihix are corrected, and we are placed in a position 
through this discovery to make a more nearly accurate picture of this 
fossil elephant than was jjossible previouslv. 
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By T,. ('UEXOT. 

ProfcKsor lit the I iiirrisitu (if Sanci/. France. 


The .subject which I have with some temerity chosen is far too vast 
to he treated in a single lecture, so you must not reproach me with 
being incomplete ; I must voluntarily choose to be so. 

From time immemorial observers have been much inn^ressed by the 
resemblance which children bear to their parents; from the latter to 
the former thci’e is a transmission which is certain, although capri- 
cious, appearing to obey no law, and sometimes aft'ecting quite insig- 
nificant details which are reproduced with striking fidelity. This 
fact of transmission is known as heredity. 

Before taking up the study of heredity, it is necessary to recall how 
a new imlividual. whether of animal or plant, is formed. Let us 
take, for example, a hen and a cock ; in the interior of the body of the 
female there is found an organ, the ovary, in which ova are formed, 
which you know under the name of yolk of egg: in the male two 
te.sticles form little microscopic elements, called spermatozoa. As a 
result of the sexual union of the two individuals a spermatozoon 
comes in contact with the ovum and unites with it : this is the precise 
act that constitutes fecundation. The fecundated ovum, enveloped 
with an albuminous coating, the white, with a membrane and with a 
shell is laid or dejiosited outside the body of the hen and later 
develojts into a little chick. Xow. this chick, when its growth is 
completed, will present certain characters that are identical -with 
those of the father and others identical with those of the mother; 
from the one he may derive, for example, a peculiar form of comb; 
from the other the color of the feathers, etc. It may also l)e said that 
in .spite of the disproportion of size between the egg and the si^er- 
matozoon neither one of the two parents shows any visible predom- 
inance in the transmission of characters; there is then in each sexual 
element, in corresjjonding equivalent quantity, a substance that con- 

a Translation, by permission, of a pni)lir- lecture given Jlaroli 17. 190(5, at the 
University of Nancy, under the auspices of the Keuuiou Biologique. printed in 
the Revue Scieutilique, Paris, Ata-il gS. 190(5. 
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tains the potency of the hereditary qualities. This material sub- 
stratum of heredity is termed the f/erminutive plasma or germen. 
The tu’o sexual elements, ovum and spermatozoon, equivalent as to 
their possession of germinative plasma, are gametes (from the Greek 
gai/ios. marriage) and the product of their fusion is a zygote (from 
the Greek zygo, to yoke or join together). 

I call especial attention to the fact that the substance of the new 
individual is the sum of the two germens derived from its parents. 
Xow. there is no doubt but that our qualities and our defects depend 
upon our material structure. If the gametes are potent with health 
and intelligence, the zygote has chances of being healthy and intelli- 
gent : if the gametes ai’e potent with idleness, insubordination, etc., 
tlie zygote will probably Ije idle and disdainful of authority. Edu- 
cation and the influence of the environment may perhaps modify 
this heredity, but to what extent, we may ask. AVe here touch upon 
tlie grave and difficult question of moral resi^onsibility, a problem 
which often comes up before courts of justice and before society, 
and which we are obliged to admit is solved in an unsatisfactory 
manner, l)ut little in accord with the strict teachings of biolog}' and 
Avith the properly understood interests of human social groups. 

For a long time observers confined themsehes to shoAving that 
characters of all sorts AA'ere transmitted, and to registering facts, 
observations of breeders, pecvdiarities of Avell-knoAvn people. For 
example, there was noted the transmission in the Hapsbxirgs of a 
prognathous loAver jaAv. accompanied secondarily with an exagger- 
ated development of the loAver lip — the Austrian lip, as it is called — 
quite marked in tlie iircsent Emperor of Austria, in Alphonso XIII 
(Ilapsburg by his mother. Maria Christina, daughter of an arch- 
duke of Austria), and many others; heredity of stature, of certain 
diseases, of longevity or shortness of life, etc.. Avere obsei'A’ed. 
There Avere also noted at the same time ajiparent caprices in heredity. 
A number of obseiwed facts are found in the books of DarAvin and 
also in those of Lucas. Aidiose ideas Zola ascribed to his Doctor Pascal 
in the Avell-knoAvn noA'el that concludes the Eougon-Macquart series. 

It A\as felt. lioAveAcr, that under this chaos there must be laAvs. 
An endeaA'or A\ as made to discoA'er them by collecting and analyzing 
statistics in considerable numbers, extracted for tbe most part from 
books recording the genealogy of dogs and race horses. An attempt 
AA’as made to deduce from these statistics the frequencA' with which 
a given character is inherited, or. in other terms, to determine the 
proiiortional influence which the different ancestors of an individual 
haA'e upon his characteri-tics. This so-called " biometric " method 
has indeed furnished an approximate law — the hiAV of Gallon — but it 
has not fulfilled the expectations that were based upon it. Since the 
statistics confound under one designation, forms which may be pro- 
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foundlv flipsiinilar from the point of view of their hereditary value, 
the result', are necessarily erroneous. 

Finally, however, the application of the experimental method at 
once revealed precise laws which threw a bright light upon the phe- 
nomena of heredity. It is necessary that I should detail with some 
care the fundamental exjieriment figured in the diagram (fig. 1). 

You are accpiainted with the wild gi'ay mouse on the one hand 
and the white or rather albino mouse, which can be readily procured 
of dealers in animals, on the other ; these two forms differ sharply from 
each other : the grav mouse has colored hair and black eyes : the white 
mouse has pure white hair and pink eyes, that is to say it is lacking 
in coloring matter. We may take these two forms for the i)urpose of 
investigating the laws of heredity a.- 
regards these two complementary 
characters, that is, as regards the 

presence nr absence of color. \ / 

The crossing between these two \ / 

forms constantly furni'-hes offspring \ / 

absolutely like the gray parent with ^ 

black eyes: there is no mixture be- 

tween the two complementarv char- 

^ A CB GB\ /gB GB 

acters, no mixed torm; it is the gray \ / 

parent exclusively that reappears in 

the progeny : it is then saiil that then- s. 

is a t/owt/aemr of the gray character : ) 

the white character which is not ex- 

pressed, vhlcll is hidden b\ the other. l — Dia^r.mi oi a oro'-'iny; l.otwoen a 

is said to be dolninatcd or Idtent. s-my m.m^o .Uba-k uir.l,.i and a ^^hue 

-p, . I . . . , . ^ inoiwc (V\hite finl.'i. The coverm? oi 

J3llt let US COntlUUt’ tlio oxperiiucut ; twn-thir<l>or Ihowhkoeirck' bythebl.u'k 
let US cross with each other the hv- .mo indic.uo' tiuu intha hysnY tn- gray 

. * t haraetci 1 " <l"iiiuian[. 

bncls having* the uoiuinant gray char- 

acter. There appears this time in the progeny some gray ones 
still, but there are also white one" with red eyes, the latter being 
less in number than the former. If a considerable number of cross- 
ings has been made so as to have some hundreds of specimens, 
it will be seen that there is always a fixed numerical relation between 
the two kind.s. a relation which is that of three grays for everv one 
white. 


mmo 


GO GB GB BB 

Fi<i. 1.— Diti^raui «.)! vi cro'.^iny: liotwoen a 
f^ruy moU'^e circle : timl ,i whue 

inoiwc (White circlet. The covenn? oi 
tw«vthir<l> oi The white circle by the bhick 
one iielicMtC' tluii in tl;e hybrnU the gray 
« haractei i" <!« anuiant. 

ic progeny ^onle gray ones 


This experiment must now be interpreted. The following hypothesis 
has been advanced with regard to it : The progeny of the first genera- 
tion. those which were all graj’. were formed by the fusion of a 
gamete including a potency of the gray character with another 
gamete including a potency of the white character; now these two 
potencies jiass into all the cells of the body, including the genital 
si[ inoG 22 
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ci'lls (if th(' ovarv and tli(‘ testis. At tlio moment of the formation 
of ()\ a and spermatozoa, for some nnknown I'eason. the two jicjtencies 
can not remain hniii'er in the same cell: they se[)arate from each other: 
there is. as is said, a ilJuju m tion of < ho r(o tcrH. Half of the gametes 
receive the gray character ((t). the other half the white character 
(B). When these hybrids are crossed with each other there may 
consequently be pirodiicxal four coinliinations of gametes: 

(iray <Tray CGG) 

Gray X Whiter 
liite X Gray 1 
White X White (BB ) 

'I he-e foni' combinations will give the following results: 

( iray ( .ray = < irav of pnrc race. 

I Gray ; ' White\= < iray "f impure race, similar tn the hybrids cf the lirst genera- 
IWhite Gray i tioii. 

1 tVhite X ti’hitc = White of pure race. 

A\’e may e.xpress this I'csult in a briefer form by saying 
GB X GB = 1 GG d -J GB + 1 BB. 

which coiT(‘spond' to the n'sults of the experiment. 

On tli(‘ other hand, we may verify, one by onm the mice prodiua'd 
and si-e that everything conforms entirely to the theoretical (‘xplana- 
tion. 'J'he diagram (tig. g) show.s one of thes(> verifications. I5y 
crossing a gray nioiibe of impure race, which includes the white in a 

dominated state, with another white 
mouse, there is obtained this time ns 
iiioinj whites as grays. In fact, ln'cau'c 
of the disjunction of characters the mixed 
hybrid iiroduces as many gametes having 
a gray character as gamete.s having a 
white chanicter. The white mouse nat- 
urally iJossCbses only gametes having a 
uhite character. Tlun-e are. then, only 
two combinations possildc' — 

Gray X tlra.x = Gray of imjiure race (GB). 
White X White = White of rau'e race (BB). 

Then — 

GB X BB. t GB + 1 BB. 

The exjieriments. very long and often 
(luite delicate, give results so much in 
conformity with the theoretic anticipa- 
tions that it is evident tliat the hypothesis represents the real con- 
ditions. It has been proved that this curious phenomena of the dis- 
junction of characters. if-Koltiog m the pontij of the junietee. is 
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GB B 

GB GB BB BB 

Fbr 11 — liijigWiiiii Id ti crov-jiio; J)t- 
lUffii H g-iay innusG jiu's'-c'sini.'’ the 

whUf chtirdt-ttr in :i latent '•tare 
iirtil a iv'iite mhiii'.f- Thg proiH'iiy 
show ttn i‘i{uai iniraher of yrav- arpl 
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extroniely widespread, both in the aininal and the vejretahle kingdoms. 
We are now acquainted with a large niindx'r of characters, very dif- 
ferent from each other, that follow the hereditary law that I have 
just explained. We find, what seems at first ratlu'r paradoxical, that 
:i man has just as many chances of transmitting to his children the 
dondnant characters \-isihly expressed in him as the latent characters 
he may possess. 

This fundamental exjjeriment in the history of heredity was made 
(juite a long time ago by an Austrian monk named Johann INIcndel. 
also called (Iregory ilendel (dregory being bis monastic name). 
The s;i();icious interpretation which he gave remained, however. 
unap2n‘eciat(‘d for more than thirty years and exercised no influence 
niton the theories of heredity advanced during that ])eriod. AVeis- 
mann. without any doul)t. would have made much use of the ilen- 
delian hypotlu'sis and its conse(iuences. to moderate and modify his 
celebrated theory. 

Johann iMtmdel was boi-n in l.'s:’)-') at Ilein/tmdorf. in Silesia. His 
father was a peasant who was partieularly interested in the ciilturc' 
of friul tre(‘s and who ilid not fail to lake his siiii with him when 
he w(>nt to care for his niirs('ry. llis uncle was a self-made man. 
well informed, and. it would appear. \ery inti'lligent. iMeiulel. after 
his stndi(‘s at tlu' gymnasium at d'roppau. entered at llriinn. in 
iMoravia. a cou\eut of Augustine moults, whicli was surrounded by 
large gardens, dhere he linished his theological studies and was 
ordained a priest : he was then sent, at the expiuise of the convent, to 
the L iiiversity of Vienna, where from Is.'il to IS.'i;’) he jtursued courses 
in mathematics, physics, and natural sciema's. Th' was soon ap- 
pointed ju'ofessor at the technical school at Ib’iinn. where he remained 
for fourteen years; in ls(;s lie became the superior of the Auii-ustine 
convent. It was during the period of his professorship that he 
made experinumls in the cotnenl gardens in hybridization w ith peas 
and beans. He piibli.shed his Jirst notice in fsti.'i in a piihlication 
having a limited circtilation. the Ihilletin of the Soeii'tv of Natu- 
ralists (d' Ilriinn. where it remaineil buried; al-o a second notice in 
iSt;;). With admirable clairvoyance. (>speeiallv cousiileriiur the 
period in which In' was vtorkinm he coiii])letely ileliiied the law- of 
hi'redity to which his name is justly attached, escaping the attention 
of the French naturalist. Namlin. who was working on the satne 
sulij(‘ct at the same tiuKu and who merely sus]iectetl the existence of 
the ithenomcma of disjunction. 

Wendel idso ex]terimi‘nt(>d with the crossing of bees, liiit his expe- 
riments were not linished and his notes have been lo-t. Unfortu- 
nately for science, various administrative employments took up the 
greater part of his time; besides his olHee as superior he was ap- 
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pointed director of tlie Loan and Trust Bank of Moravia. He was 
finally completely turned aside from his researches by the law of 
187:2 coiicerning religious communities, which, by this hnv, were 
obliged to })ay an additional tax, that amounted in the case of the 
coin eiit of Briiiiii to .a.OOO florins per annum. 

Mendel, who was very headstrong, fought to the end of his life 
against this law. which he considered unjust, and which was, in 
fact, quietly repealed a short time after his death by another minis- 
try. His health began to fail about 1874, perhaps under the influence 
of a chronic nicotism. He had acquired the habit of smoking very 
strong cigar^. a practici' which had been recommended to him by a 
physician, to reduce his obesity (hereditary in his family). He died 
in 1884. at the age of fi4. from Bright's disease. 

The sagacious discovery of Mendel remained then unnoticed. 
About 1900, more than thirty years afterwards, certain biologists 
undertook in their turn, independently of each other, some experi- 
ments in heredity. De Vries (Amsterdam). Correns (Thbingen), 
and Tscliermak (Vienna), operating upon jtlants. rediscovered the 
law of iMcaidel and brought to light his work. In the zoological 
field. Bateson ( ( 'ambridge ) . experimenting with domestic fowls, and 
myself with mice, showed tliat the law ai)plied to various characters 
of animals. Since that time numeroits works have appeared, and 
the list of characters that, in the tnost varied animal and vegetable 
groujts. follow the law (.)f Mendel, has been cousideral.dy augmented. 
It formulates a type of heredity, tvhich is the most frequent of all. 
and it may be the only one. 

It shotdd not be -iqiposed that it is always easy to demonstrate the 
law of Mendel, as ha- been done in the example cited above. In 
that only two characters were tidten ((7 and B). and those were 
o[)posed to each other. There are. howexer. otluo' race-- that dill'er 
from each other, nor by one germinal character alone, but by sex’eral. 
independent of each other, some of them being ilominant. others 
dominateil as regard' conqrlementary characters of the opposite race. 
The crossing of hybrid,' then gix'i's snHi complicated results that 
the application of the iMendelian laws is not readily ])ercelved. 

For (‘xample. let us examine another diagram (fig. 3), more com- 
plicated than the hi't, in which is 'hown the 'cheme of the cro'sing 
of txYo races of mice who'C germinal plasma prc'cnt' thi-i'e differen- 
tial characters, xx hich may be put in evidence by patient analysis. 

I cross a xvhite mou'C xvith red eyes witli another mou'e also hav- 
ing red eyc' but with yelloxxd'h broxvti hair: it is logical to suppose 
lhat the dc'cendmits will have reil eyes like the parents, and that their 
hair will Ixe either yellow or white: now. this is not at all xvhat hap- 
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pens ; the result is quite different and rather paradoxical : the descend- 
ants of this union all have black eyes, and gray hair upon the back 
and Avhite upon the belly; 
besides, their eyes are un- 
doubtedly larger than those 
of their parents. Their char- 
acters. on the whol(>, mark- 
edly resemble, not at all the 
gray house mouse (Mus iiin-s- 
i-nlug), but the field mouse 
mfifUK) . Instead 
of presenting the phenomi-- 
non of dominance, the paren- 
tal characters have lonihfucif 
to produce a new i'(>sidi. a 
first difference from the 4 Ien- 
delian type de^cril)ed above. 

I then cross the j)seudo fiebl 
mice resulting from this 
c 0 111 b i 11 a t i o n. This time 
there is obtained an extra- 
ordinary variety of forms; 

First, mice that are wholly 
black: >ecotid. geav mice 
with white bellies, like their 
liarents; thinl. white mice 
with red eyes, like one of 
their grandpari'iits ; fourth, 
yellow mice with red eyes, 
like* one of their gra.ndpar- 
ents; fifth, light gray mice 
with red eyes. These five forms present fixed numerical relations. 
Avhieh appear to be as follows: In 64 offspring we find; 
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Fii. — Diairraiii ni the or a w liiifmon-'L' i white 

t iri'le) ainl .t yell<nv iimn-'e with mi evo'' (circU-' with 
horizontal The hybrids (atTVif-tic forms) 

levoinble the ii<*M mou-^e. The (.TO'<>in^ of there hy- 
brid' ])roduce' bhuk mice ii»Uuk circlcb irray mice 
with a white belly (cinle with dutrb white mice 
i white t ircle 1 yellow mice with red cye^J i circle with 
htffTzomul shu<liiiir‘ ami liedii {^raywith red eyes i^cir- 
i-le with verti».ul 'hading;. 


oi) with ])lack ev 




9 black. 


127 gray, with wliite belly. 
(16 white. 


28 with red eves 


! 9 yellow. 

I 6 light grav. 


It would take too long to explain to yon in detail what has hap- 
ptuied, but I may say that everything here is merely an application 
of the Meiidelian laws, operating upon three pairs of antagonistic 
characters: new combinations have naturally been formed, and these 
have resulted in the production of unexpected forms, the black and 
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the light gray, and in the combinations already known that repro- 
duce the types seen in the parents and grandparents. 

This second type of heredity is particularly interesting to horti- 
culturists and breeders. It is probably crossings of this kind that, in 
the second generation, when the plant Iji-ijalcx. as the horticulturists 
say. produce new varieties comparalde to tliC'C black and light-gray 
mice, that may be suijcrior in value to the primitit e parents. 

It is po>sible that there may be other laws of lieretlity than those of 
Mendel. l)ut as tlie vork of investigation ju'oceeds the less this seems 
likely: in any case, we do not as yet know any absolutely certain 
example. I will not dwell, therefore, upon this aspect of the subject. 

The exidication of Mendeliaii heredity has had numerous theo- 
retical (■onse(juenc(‘s, A numlxu' of facts that were very difficult to 
explain have become ((uite clear: this is notably the case with atavism 
(from the Latin (ifanin. an ancestor). 

Atavism is a singular phenomenon whi<’b consists in the unex- 
pected appearance in breeds of animals or plants of a form (ata- 
vistic) that recalls in whole or in jtart an ancestor that disaijpeared 
a number of generations ago. As a lii'st case I will recall the 
classical exam[)le gi\t'n by Darwin. He crossed well-marked and 
constant breeds of pigeons, two black, a white with a it'd tail, and a 
white fantail. aiul at llie second generation obtained, among others, 
a magnificent bliu> pigeon with white croup, double black wing bars, 
tail barred and boitleivd with white — in fact, having et'ery character- 
istic mark of tlie rock jiigeon. the wild ('nhmilxi Hriu. which is 
almost certainly the unce-tor of our domestic pigeons. The follow- 
ing diagram will -how the details of the crossing: 

Wliitf fiint.iil BI.u k t.irt.. Wnit.- u lUi ml ml. Black barb. 



A ^ anetl {troiCfiiy, aiudiig wIhlIi m .is an atuvistn- form 


I described to you a few moments ago a crossing which certainly 
furnished atavistic forms. I refer to the crossing between white 
mice and yellow mice with red eves. The^-e two forms, that breed with 
perfect constancy. ha\’e each had parents identical with themselves 
for many getierat ions, and yet the products of their ttnion are all 
mice identicttl. or nearly so. with the field mouse, which is probably 
closely related to the wihl ama'stor of our liotise mice. 

Ill order to explain this reappearance <d‘ an ancestor, Darwin 
and Weisinanii. to cite only them among manv others, have greatly 
complicated tlieir theories of heredity. They lia\'e thought it neces- 
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pary to admit that a fragment of the germinatire plasma of the 
ancestor has been preserved, latent for years, perhaps even for cen- 
turies. until the day when by reason of favorable circumstances this 
fragment succeeds in becoming isolated in a gamete and in becoming 
predominant, so as to reproduce the ancestral form. The matter is 
much more simple than that. There is no latent auc(‘stral frag- 
ment: thei'e is nothing that represents any of such ancestors in a 
germinative plasma any more than tliere is in carbonic acid and 
lime any representative of the limestone from wliich they were for- 
merly extracted. If the ancestor reappears under certain circum- 
stances. which one can reproduce at will, it is because the union 
of two ditfei'cnt germinative plasmas has formed a combination 
entirely iilentical with tlie germinative [)hisma of the* ancestor in 
the sani(> way that by uniting caiTonic acid and lime we succeed in 
re-forming limestone. 

The interest of th<‘se studies of heredity is not confined to pure 
science alone. Heredity as a factor has such considerable importance 
m history, in sociology, in oiir own piuvonal devidopmeiit. that it may 
often be of use to us to umlerstand its laws. "We may. to a certain 
degree, predict our own future and that of our children, and as this 
is only a prediction of probabilities there can be nothing unreasonable 
in doing it. If the prevision is disagreeable, there is always the hope 
remaining that a favorable probal)ility may intervene. 

Por example, there is no doifiit that the duration of life, detvending 
as it does upon the structure of our organism, is markedly hereditary. 
II e mtiy cite the case of 'rurgot. who at .'>0 years of tige ]mt his afi'airs 
in order, although he w:ts in vigorous health, knowing that in his 
family tin* fiftieth year was rarely exc(>eded. He died at .hfi. C’en- 
teiiariaiis invariably have had parents of great ttge. It must, of 
course, be undt'rstood that such transmissioti of the duration of life 
IS merely a itrobability. ;ind also that it rests utvou the condition that 
our mode of life is fairly analogous to that of our ancestors. Xatu- 
rally an accident or a contagious disease may cause death befort* the 
time fixed by heredity, but this is not the fault of the latter. 

It is possible that certain diseases, or. to be more exact, certain 
diatheses or morbid tendencies follow in their heredity the laws of 
Mendel, so it is said that cancer is hereditary in the ivroportion of 
1 to t; or fi. It is then puite ]trobabie that there is in the gametes a 
disjunction between the normal state and this taithological character. 
I will cite a celebrated exanpile of its ti'aiisiuission : Charles Bona- 
parte, the fatlu'r of Xapoleon. died at the age of 3'.) of cancer of the 
stomach. .Vmoiig his eight children one alone. Xhipoleon, was stricken 
with tilt' same disease when .'>() vears of age. 

In the same family there is a line example of dominance. Tlie 
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Hai^sburg characters completely dominated those of Xapoleon so that 
I'Aigloii, the Duke of Reichstadt, was as typical a Hapsburg as 
jjossible. 

(iSee the succinct genealogy- below.) 


CHARLES EoN'aFARTE L.ETITIA k4M<>LINo, 

{Cancrj.) \ 1 Iinlthii.\ 

I 

I - : 

I 

NAROLKON' 1 
{CanC' t ) 


Hap'sburjr. 


l-HAN’Clij H «'K 
OEKMANY. 


f^pani-'h Bourbons. 


maria-'ihi:resa-(' vrolixe 

l‘E iU'UKBDX. 


I LarffC Idkyi' lip ^ 


Lnn7> h/irt r lip ) 


MARI \-Loris V 

( loti-f / Up, Jutnd tiilx rcaloi't!^ 1 


i>rKE <<!■• KKKH'.TVfr 

\ PiijOnathii>in of lo/urjaa. lilt iK hm.i lip, ulo'-t^ j 

We may say that the hi>tory of reigning familie^ might be char- 
acterized as a I'ecord of experiments in heredity, experiments that 
are often unfortunate for them. 

In conclusion, let me give you some advice: Almost everybody has 
visible defects or pathological latencies, the latter as imi)ortant as 
the former as far as regards their transmis>ion. as we have seen. If 
you wish tliat your children should be as far as possible free from 
these, avoid marriage with families presenting defects or latencies 
analogous to your own. I am (jidte aware that it is much easier to 
give this advice than to follow it. Man. who has for centuries 
practiced sch'ction in the case of his domestic animah. lias not yet 
realized that he might use it with advantage for his own descendants: 
yet roljust health and a sound hereditary constitution arc Avorth 
more than a lai’ge doAvry. you may Avell be assured. 
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Correspo/iileitt of Hk' Institutf, foniicrhi Mhiistir of Aiiricidtiirp in Russia. 


Tho bison problem is one of tlie most interestino’ in zoology, first, 
because it concerns a species — a very fine one' — which would already 
have totally disappeared if '^])eeial precautions had not been sevei’ely 
maintained to pre-^eiA’c its la<t repre'cntatives : second, because the 
prehistoric tracings and j^aintings of lii'ons found in certain caverns 
(at Altamira. Spain, in the Ihrenee^. and in Berigord) raise many 
questions which have not yet been settled as to the exact epoch when 
those priniiti\(‘. artistic representations wei“(' produced. 

Twice within a short time articles have appeared in La Xature 
concerning the American bi'on U\l. di' Varigny. Xo. Ki."):!. January 
28. liiO.")) and the l)is()n of the Cancastis ( M. h\)rbin. Xo. 1723. June 
2. 190()). Tt seems to me a propi'r occa-ion to coinjilete. or perhaps 
to rectify, what was then said (•oiicerning the Euro])ean bison (7io- 
tu/si/s eii.rojHi us) . particularly as I obtained sjteeial information on 
this subject during my ollicial administrative work in the Caucasus. 

I can guarantee the absolute accuracy of all the facts which I am 
about to cite, for they were coninmnicated to me by the master of the 
hunt f)f the (Irand Duke Sergin.s Miehailowitch. who possesses vast 
"hunting grounds’' (game preser\esl on the north slope of the Cau- 
casus range. There the European bison still exists in perfect free- 
dom. In forests nnu'e primeval and of greater extent than those of 
Bielowitza (Lithuania) the (Irand Duke Sergius has. indeed, pre- 
served these animals from imminent destruction by man, by wild 
beasts, or by the natural conditions of a country where they sought a 
last refuge after the destruction of the great forests of central Rus- 
sia : for the bison fled before, the advancing settlements of man. whose 
))roximity he cotdd not endtire. 

I wish to state that I have the kind permission of the (Irand Duke 
Sergius Klichailowitch. one of the most t'xperienced hunters in Eu- 
rope, to use the report which he caused to be sent me by (M. Ed. 

"Translated, by perniissieii. from La Xature, Paris, March .'til. IftoT. pp. 278- 
281!, 
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Hntner. his niastor of the hunt, concern hi «■ the life and habits of 
these animals, so little known, so rare, and so difficult to observe wdien 
at large, and which, it was mistakenly believed, had forever disap- 
p;eare(l from this n'gion. 

It is true that the bison i^ no longfer seen in the western valleys of 
the C'ancasus. between Sotchi and Sukhum, lliere is. however, every 
reasoti to believe that it tiever lived the'v even in ancient times. The 
rare examjiles re]iorted by Doctor Kadde were not indigenous to that 
region, but descended from time to time from the principal range of 
the Caucasus when the snow was extraordinarily deep, or when pas- 
turage was lacking upon the northern slojic of the i-ange. which was 
their true habitat; there their number not only does not teml to 
diminish, but increases from year to year, thanks to the measures 
of ])rotection takim by the (Irand Duke Sergius. Thus, according to 
the rejiort of M. llutner. while their number twenty years ago was 
cstimateil as 400 luaid. there are at present at least (UtO. During this 
time the (rraud Duke has organized, at his own ex])ense. a comjilete 
service of game wardens, and. as he is the only one who has hunted 
the animals, there have been killed, for purely scieiitilic pur]K)se.s. to 
siipjily the various museums of the Umpire, only It! specimens, and 
these, too. were old animals, useless for breeiling. 

In the forest of Ilielowitza (Lithuania ). where the number of bison 
can b(‘ more accurately asciu'taiued than in the almost inaccessjljh' 
valleys of the Caucasus, there are supposed to be to-day at least 700 
head." Thus inthe.-e two localities alone there is a total of l.HOO head. 
On the other hand, according to the statement (tf M. Forbin, there is 
a total lack of bi'ou in the viigin fore-ts of Siberia, no trace of these 
animals having evei- been found there. 

Zoologically the Caucasian bison is (|uite identical in race tvith the 
bison of llielowitza. although one lives in the tiorthwest and the other 
at the southern limit of European Iltissia. The atiatomical charac- 
ters and bodily conformation of the l)isoii show that it is not 
naturallv an inhabitant of the mountains. Dttring the middle ages 
it peiuaded the great forests of (iermany, Austria, and I'olaiid. and 
even in France it was pursued in tlu' Ardmiiu’s at the tinn‘ of the 
Roman conquest, lly constantly and desperately lleeiiig befni’(i man. 
I'ctiring toward the south, tin* bison has found in the Caucasus a 
refuge, not very suitable, but safe, on the slope ot moiintaitis which 
were' for a long time inaccessible, and which were, in fact, closed to 
the Russians until the last fifty yeai’s. not otdy because of the to(K)- 
gi'aphical difficulties, hut also Ix'cause of the wars with the Tcher- 

''Aci-iirdiiw to a eeiisns made in the iiioiitli rd' March. tUOd. the nimiher of 
hisiiii ill the forest of Pdelowitza was fiCirt. tint tins was before the time of ealv- 
iug. which takes place in the mouths of April and May. 
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kesses and other aborigine?, ^’hich lasted until about 1800. This is 
why, for a long time, the earlier explorers, notably Pallas. \Yho 
merely penetrated to the borders of these regions, found only the 
bones of the bison, and therefore supposed it to be extinct. Still an 
author of the seventeenth century, Archaiigelo Lainberti. sjjeaks of 
the .survival of the Caucasian liison. The Russian naturalist. Behr. 
received in 1S30 a bison skin from the CaucasU'. by means of which 
he was able to determine the species and to establish its identity with 
the Bo/i(/.\iis of the north of Europe. Tii l.sfil the skin of a young 
bison was sent to tlie museum of d'itlis; ainl this suix'vb museum. 



1. Ursu> { Aurt)fhbi ‘2 Buuasu> iBi-uin. i. lUillalo. 1. ux. 


established and for a long time directed by the learned Doctor Radde. 
under the auspic('s of th(‘ former viceroy of the Caucasus, the (xrand 
Duke Michael Xicolaevitch. has also the glory of possessing the lirst 
and tlie finest specimens of adult animals discovered in these I'egions. 

Xevertheless. tlu' bist)ii is distril)uted in the Caucasus over a \’erv 
limited area i about g.dOO s(|. miles). The region ])referred bv 
them is about the sources and up])er poi'tiou of the Bii'laja and the 
iMalaja Laba (the M’hite or (iraml and the Little Laba). as well a? 
their atilueiits. at the foot of the Shougous and .Vbagua mountains. 
To the north of this region stretch the communal forests belonging 
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to the Cossacks of Ivoxiban. The animals that .'trao-gle beyond these 
limits are sure not to return, for they are pitilessly destroyed by 
poachers, despite the sev ere penalties that such ott'eiulers incur. In 
summer, and e>j)ecially at nig'ht. the bison kcej) upon the Alpine pas- 
tures of the liigli mountains : during the day they descend into the 
deep, wooded valleys that are found along the water courses. They 
may be seen in bands of from four to fifteen, especially around the 
sulphurous springs that abound in that country. The mineral water 
of these sjirings seems to attract them particularly, for they remain for 
hours near them. Monsieur Tliitner states that they avoid drinking 
from the springs in order not to disturb the water, and that they 
content themselves with licking the stones aliout the margins moist- 
ened bv the waters and covered with a mineral deposit. Aot only 
do the bisoiib refresh themselves in this manner, lint deer are often 
seen about the springs, neither s|)(‘cies interfering with the other. 
In the summer the deep valleys otter to the hison a refuge from the 
rays of the sun as well as an abundanc(“ of food, for these animals 
are very fond of the bark of ccutain forest trees, such as the Surljux 
Udiparhi and the elm {llmux ram jK^trix) . as well as the young 
shoots of ferns. But their princi]»al nourishment is furnished by 
the rich and succulent grasses of the alpine pastures, to which they 
return at the atiproach of night. As to tlie dry forage whicli is 
given to the bisoiis of Bielowitza during winter, it is disdained by 
those of the Caucasus even during that season, in siiite of the hunger 
that oppresses them, but they are very fond of the blocks of rock 
salt placed here and there for them. 

The neighborhood of the Black Sea renders the northwestern jiart 
of the Caucasus very humid, and the rains of s])ring and summer, 
which are oftmi lika* floods, favor the rapid growth of lierbage on 
which the hi'-on regale iheniseB'es during the hot season. By this 
means they grow strong and 'tore u]) consideralile (juantities of fat. 
which enables them to enduri- the rigorous months of these high 
altitudes. Besides, tlu' bi'on. being a northern animal. d<jes not fear 
the cold, agaiii't which he is fortified by his tliick coat of hair, so 
that he doe' not jieri'li from either hunger or cold, btit he suffers 
from anotlu'r seourge. th(‘ heavy snows that often attain a depth of 
several meters and sometime' cannot support rln* heavy weight of 
the bison and the animal sitiks in. is unable to extricate himself, and 
soon sutfers a ju'emature death. 

After the exce])tionally heavy snows of IhO-l and IhO.i there were 
discovered, in the spring, nine cadavei-' of bison that had sunk hito the 
snow without being able to reach with their feet either the firm 
ground or a more compact layer of snow. Against this cau'C for the 
diminution of the species no protective means can be devised. More 
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than this, after very snowy winters those animals that live through 
to the spring are \-ery weak and thin and there are almost no 
calves with the females. The gi'eater number of pregnant cows, 
weakened by struggling in the midst of the snow, have not carried 
their offspring to maturity. On the contrary, during the years 
when the snow is less abundant there are a number of normal calves 
found in the herds. 

It is affirmed that the combats between bulls, so frequent at 
Bielowitza, have never been oh'-erved here. At the time of calving 
generally in the month of IMarcli. the pregnant cows abandon the 
herds and seek isolated localities, usually on the confines of the 
alpine region, hide theniselve.s in the midst of the thickets at the 
edge of the hjrest. often in the almost impenetrable masses of 
rhododendrons, and there l)riiig forth their young. A cow has never 
been known to give birth to moi'e than one calf. Six or seven davs 
after birth the offspring is strong enough to follow its mother. On 
meeting man the coav does not defend her young, but iiees. abandon- 
;ng it to its fate as soon as man attempts t(» approach. The Ger- 
man naturalist. Brehni. reports that the mother cow kills her own calf 
if she di-covers that it has been touched by the hand of man. T do 
not know that anything of the kind has been observed in the Cau- 
casus, but e\'erything g(.)es to j)rove that the bi-on considers man as 
it- most dreaded (ununy. abhor- his presence, and Hees from his 
approach as lar as the region of the glaciers. The bison has also 
much to dread from the wild bea-ts of different kinds that abound 
in the fore-ts of the (htucasiis — from the })anther. which is becoming 
UKU'e and more rare here: the lynx, the wolf, and the bear, the latter 
attacking in preference the young calves, whose remains are often 
found in his stomach, .^ince the organization of game preserves 
by the (irand Duke tSergius, the number of wild beasts has con- 
siderably decreased and the protected game, the deer, the areali. the 
chamois, and the wihl boar have ]u'‘oportionately increased. 4Ye 
have seen that the same is true of the bi-on during' the past twenty 
years. 

A.- regards the hunting of the bi-on. this is what we know con- 
cerning it: In Isy.s un anonymous author ]nibli-hed an account 
of a bison hunt in which were engaged the Abkhases (one of the 
numerous Cauca-ian tribes), in the basin of Zelentchouk, on the 
banks of the Ouroup and the Grand Laba. but this account was 
received with incredulity, and it was even conjectured that it was not 
the bison that was hunted, but another box'ine animal, the o-anr 
(Ahry f/unruv). ail inhabitant of India, which was absolutely false, 
as is proved by the skins of bisous successively sent to tlu' museums 
of Tillib in ISG-I, 1809. and IbDff. These three animals, killed by 
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iiilialntants of tlio eoiiiitry. cortaiiily came from the re«’ioiis of Zelent- 
clioiik and the (Ti-aiul Laha. 

The tirst European hunter who had the fortniie to meet and A'an- 
(jnidi the liviiie' hi-;on in the forests of the Caucasus was an Eno-lish- 
man. Mr. Littledale. a sportsman renowned for his himtinii’ exjiloits 
in all parts of the worlil. 

His first e.xcursion. in 18S7. hejrun too late in the aiitimin. was 
frauaht with hardships, and, as the snow already covered the nioniu 
tains, proved fruitless. The following year, accompanied lyv his wife, 
he spent three months on the heights. Having established his camp 
at an elevation of (i.UOO feet he went out twice a week in search of 
bisons. guiiled by tin' nativi* Tcherkesses. He often cann' across fresh 
trace's of the animals, heard their tram])ling. saw trees that had been 
recently stidppeel of their hark, hut in sjjite of twenty-four successive 
hunts h(' not only did not su<-ceed in killing one. he did not ('ven s('e a 
single one. so constantly watch fid is this animal and so difficult to 
approach, scenting man at a great distance. This should he noted 
by those who deal with jn-ehistoric times and seek to interpret the 
meaning of the representations of the bison which an* found at 
Altamira. 

Idttledale returiu'd to tlu' charge, accompanied this timi' by a 
Lesghine by the name' (d' Eauhazon, famous for his expei'ienco as a 
poacher, and at tlu' head of (pnte a squadron of mountain guides and 
skillful hunters. One fiu(' morning in the month of August iMr. 
Littledale at length discoN’ered a male bison and obtained a first 
shot at a di'tance of IMI meters: thi' slct took ('tfect. hut it was only 
at the fifth hall that tin' animal wa- killed, and fell into the river. 
kSoon after iMi’. Littleilale killed a female. The skins of tho'c two 
fine animals wen' in'e-eiited to the llriti'h Museum. Some weeks 
after till' hunter came across a male hisou much larger and liner 
than the first two. lait sjiared him, not wishing to be accused of 
contrifaiting to the ('xtinction of the i-ace. d’lu' exqiloits of Mr. 
Littledah' pron'd the possibility of hisou hunts for the European, 
and were the occasion of measures being taken to jirotect the animal. 

d'o-day till' (iraml Duki- Sm-gius Micludlowitch (with his guest') 
is th(' only one authorizi'd to hunt the bison, hut far from abusing his 
right he carefully guards the increase of the sjiecies. It may he said, 
too, that the first hunts of the Duke were equally unfruitful. In 
trace's of tlu' bison were found, and one bison was seen hidden 
in till' high grass, hut the hunters did not succeed in killing him. 
The following year the same I.esghine. Taiuhazon, started up two 
more w ithout being ahh' to reach them. Einally. in 1805. two superb 
bison Were killed — a male by the (fraud Duke and a female by 
C'olonel Schilder of his suite. The skins were ollered to the zoolog- 
ical museum of the Acadeniv of Sciences at tit. Petersburg. In the 
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year 1897 there were three more vietiiiis. two males and a female. 
One of the males killed by Doctor Ileyer. director of the museum at 
Dresden, is to-day preserved in that institution. 8iuce then the order 
as to the killiui;- of the cows has been more strictly observed. The 
total number of animals killed doe-> not exceed twelve. 

I have already said that the Inson of the ('ancasns belongs, zoolog- 
ically s})eaking. to the same race as those of Bielowitza. but it is dis- 
tinguished by its height, which is relatively less, as well as by the 
conformation of certain parts of its body." It i- also much wilder 
and more difficult to approach tliau its kindred of Lithuania that 
have, for a long time, been accustomed tt) the presence of man and 
his domestic animals. liy the side of which they are sometimes seen 
(ptietly feeding. In spite of the relatively small nttmber of indi- 
viduals. both at Dielowitza and in the Caucastts. no sign of degen- 
eration of rac(' has be(‘n itiauifested tijt to the jua'sent time. If the 
bison of Bielowitza, inhai)iting a flat cotmtry. accessible in every 
direction, are ([ttite ea'ily captiinal. e-peciiilly iit the marshy portions 
of the forest, where they move about with difficulty, it is eptite other- 
wise with th(‘ l)ison of the (’aticasus. Lj) to the ])re'ent time but a 
single livitig sp(>cimeu has been oittained. atid this. too. was hut a 
young calf which had just been born, d'he story of its captttre is 
interesting ttnd worth recording here. 

tine of the wardens of the grand dtike. htmting bears in the forest, 
perceived a l)ison cow hiiideu in the brush, with its little one at its 
side. At the ajjproach of man the cow s[)rang up and was off like 
an arrow, abatidotiing its progeny to its sad fate. The little one also 
arose without ativ ap[U'ehonsion of dtitigi-r. looked at the httnter with 
a stitpeiii'd gaze, settled back ui>on its hatitichcs and at first did itot 

" Some ItassiiUi scientists tliiiik tliew [lecnli.iririos siifficient to jnavk the 
t'ancasiau liiscm as a variety wliicU they Uesi.iiuate by the luiiue of Bo.v IxiitH'Hix 
caiicU'<icii‘<. iiov. sulisn.. liut others Uo nut a.aree with tliis oiiiiiion. tVe recall 
what conl'usiou has reiyniefl for a loii.a time in the desii^iiatioiis unis, aurochs, 
bison; in recent ineiiioirs. iM. ilahonileau ( Uevue aiiniielle tie I'llcole iTaiithro- 
Iioloyie tie Faris. Fehvnary. lUu.V). .M. r.onihanl-Liuiuas ( Itullethi tie la tSuciote 
trctiiiies ties sciences iiatiin^Iles ile Niliies. in U.kC). vol. XXXIII. Xoveinher. 
I'.KHi, pii. ;;7 aiiit Ci.bi and Frof. .\. ilertens (Ahhantll. lies iluseiiins iler Ma,t;tle- 
lairg. T.iuiii. coiitentl That tlie aurochs is the I nix or lin\ iiiiiiiiiiniinx. which 
tlisai>iicareil from Kiiroiie ahont the end of the sixteenth century, that it had 
iieitlier huniii imr mane, and that it. alone, left its remains in the caverns of 
Gard; since the time of .Tillius Caesar it has Iteen contiimaily confounded with 
the true liisou i Bann.xnx i . wh'u-h has a mane, a liumi), and smaller, less divore:ent 
lioriis ; it is this and not the aiiroclis wliieh was denicted at Altainira and in 
Iiordosrue. ],a Grande Eiicycloiiedie (Vol. VII. ji. •“>.■) l is therefore wroiya in 
confouiiiliiiy tlie European liison with tlie aurochs, Tlie whole matter is very 
mucli mixed. In order to fix tiie reader's ideas upon lliis siibiect we irive (Ti. iUT ) 
a drawina; of the skulls of four liovid:.’ — the Urns, the Fouasus. the buffalo, ami 
the domestic ox. 
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try to get away. When its tir>t astonishment had passed, it sjirang 
iij) with a bound and began to scamper along the precipices. It 
would have escaped if its way hatl not been barred by a large uprooted 
fir tree. In trying to jump over this obstacle, as it had over othei’s. 
it miscalculated and fell astride the branches. The man seized it by 
the hind foot. 

In spite of its vigorous struggles he tied around its body his girdh* 
and his Ijaschlik (a sort of hood worn by the natives which has long 
lappets that are wrapped about the neck). 

Curiously enough, after a monn'nt's i-esistance. the animal followed 
his captor with docility. It. however, apjjeared to be out of breath. 
Inspired with difficulty, and the hunter feared lest it might die upon 
his hands, ('oiiiing to a k(‘eper's house, he gav(' it some milk, which 
it at first refused, but two days afterwards it learned to lick the 
fingers of those wdio gave it milk, tiuite as do the young calves 
of domestic cattle wdien they are separated from their mothers. In 
ten days it was strong enough to continue the jfnirney. It was 
tethered to a cart and led in this manner for some 10 kilometers, after 
which the hunters decided to unfasten it. and it followed the cart, 
running like a dog. for more than (iO kilometers farther. During the. 
journey it was given milk to drink and consumefl not less than IG 
glasses of it per day. 

Arriving at the 'village of Psebay. it was I'lecessary to wait three 
months for the messenger for Pielowitza. whf) was charo-ed with the 
duty of taking it to that j')lace for breeding piirpo'Cs. Kept in an 
inclosure covered with fruit tree^, the young bison, which was still 
fed with warm milk, soon showed himself ■wi’y fond of llie fruits 
that he found in abimdance on th;‘ gnuind. Inn ing a marked prefer- 
ence for the sourest kijid of ajjple-. I’jioi! this iliet the animal 
increased consi<lerably in size and -ti’ength. so much 'o that he would 
knock over the cow that nursed hiju. attacking her in front in a 
playful manner. The me.'senger from Ihelowitza found, however, 
that he was considerably inferior in size to the Lithuanian animals 
of tht' san'ie ag'e. This was perhaps due not oidv to the dilli-rence 
ill race, but aho to the lai'k of noiiri'hiueut and to the long journey 
which he was forced to take but a few dar’s after his birth. 

The f|uantity of mdk yielded by the female bison i-- not accui’atelv 
known, but it i- thought to be vi'rv abuiulant. for it has lieeu shown 
at Lielowitza that a young bison raised upon the milk of ;i drimestic 
cow coU'iiine^ the milk of four coW'. Lhe jioor Caucasian prisoner 
was far from having received a- much a- this during his early youth. 
He w as ariected by thi' all his life jind remained a delicate, lean ani- 
mal. of relatively small size. 

During his journey from the Cauca-in to Idthuania he was carried 
m a wagon, accompanied by a milch cow as a mir-e and a provision 
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of 150 watermelons, which were ^^^liced and fed him six times per day. 
He stood the journey well and arrived safe and sound at his 
destination. 

He soon became accustomed to the usual winter provender of the 
bisoiis at Bielowitza. viz. clover hay. oats, and especially ditferent 
kinds of roots. Avhich he seemed to like very much, 'fhe following 
spring he was set at lil)erty in the miilst of a herd of 15 bisons that 
atlopted him as one of their own ; he .soon became a.s wild as the 
others, but never equaled them in size and always had a sickly 
appearance : his mane was scanty, his movements slow. He died 
the next year without leaving any progeny. So failed the first 
attempt at vivifying the sti’ain of the bisons at Bielowitza liy crossing 
them with animals originating in the Caucasus. 

This capture of the young Caucasian itison proves, however, how 
readily the animal, in spite of its natural wildness, can be subdued 
and tamed. Experieiict' has also often coafirmed this fact and 
recently attempts have been made in llussia to cross the Lithuanian 
bisons with donu'stic cattle. have good reason to count on the 

success of this experiment, as crossings between the American bison 
and domestic cattle have been attended with good results. Lxjteri- 
ments of this kind haw a very gitait interest." 

"In a paper pulilisheil in IOim'; (S(>e footimto on p. a.'t ) M. Mertous. director 
of till' imiscanii at Maadelniri;. lais eollccled all the known data coiiceruiin; the 
wild cattle of Europe, citiuu' the hihliof;r,aph.v. trivine a sninmary of the iiaiters, 
and conimeiithie on the results lie conclud(>s that the name a/(ro<7/.s- has 
heeii erroneously aii]ilU>d to the bison. In the middle of the sixteenth century 
the two species of animals W(‘ri' set'll livine toeether in the forests of Poland : 
in l.'dtr There was known to ha in tht' forests of .Taktorowka a henl of .‘>0 
••lurttclis. whifh v;is reduced t-i 24 in to 4 in ni02. and to ti singlt' female 

ill l(;2u. Some individuals lived in eaiitivity up to 1(127. Tlu' aurochs must 
liave Itet'ii hlaek, or very dark, witli a aray variety in I'olaud and a reil one in 
< lermaiiy. 

H. IMahoudeau (h/i. l it.) aiUls tliat it is not always easy To iliffereutiate 
the lioues ef the two speeii's. lint that no confusion is posshle with tht' livimr 
animals. 
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THE FOUNDING OF COLONIES BY ATTA SEXDENS.' 


By l)r. jAKoi! Hubei: (Tara). 


A >tiidy of the fimg-n^-onltivatin«: aiits hclonging to tho genns Attn 
is undoubtedly one of llie most attractive subjects of biology, and 
affords a number of highly interesting problems to both zoologists 
and botanists. From the tiiiu' of Midler's classical investigations, 
proving the truth of Belt's theories, there has remained no further 
doubt that the specii's of this genus Affa maintain with marvelous 
understanding and skill pure cultures of fungus masses {Rozifex 
<ion(j;ih_)j)l(oi-ii), and incite upon these, by intiuences not yet under- 
stood. the growth of the so-called "kohlrabi” structures, peculiar 
liyplne swellings, with which they feed themselves and their young. 
Midler's investigations, known so widely as to need no special refer- 
ence here, are concmaied ('xclusively with definite ant colonies of 
nuinberh'ss tsorkers and in many apartments, but in respect to the 
foundiiig of new c(donie' he has done no investigating. 

The wav in which a new colonv. together with its fungus garden, 
is brought into existence has therefore remained to the present time 
a mystery, and although many valualile discussions upon the true 
solution of the problem haw apjieared they have failed to present a 
satisfactory answer to the difficulties. As early as A. G. 

Samiroi'o dc Azevedo, an oliservant Brazilian amateur, published 
some valuable observations on tlu* founding of colonii's of Atta 
xcj'At’nx in his rather unirustwoi-thy brochure. Saliva ou Manliiiuara 
(Sao Paulo, 181)4). This investigator dug up a female Attn ten days 
after the mating period, and discovennl in the underground compart- 
ment two small w hite mounds, one consisting of 50 to (iO eggs, the 
other of a filamentous mass — the young fungus garden — wdiich. how- 
ever. SampoTo failed to recognize as such. Three and a half mouths 
after the nuptial flight he dug open a nest, the gallery of exit to 
which had been already opened. 'Within were numberless w’orkers 
of three different sizes, all. however, somewdiat smaller than those in 
established colonies. These were engaged in leaf cutting and in con- 

“ Translation, by i>ennissioii. of f'ber die Koloiiiengnindum; bei Atta sex- 
deus, von Dr. .Takob Hnl)er (I’ara). in Bioloitisclies Centralblatt. Bd. XXV. 1005. 
pp, fiOlDGir). G24-Go5. Leipzig. Yerlag vou (.leorg Tliieme. 
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structing- a large fiiiig'u.s garden about 30 c. e. in size. Sampoio 
estimated the number of workers to be between 150 and ITO, with 
about 1.50 larva" and nymphs and 50 eggs. 

In 1808 H. von Tliering eontributed some further facts on this 
subject." Tie desci'ibes accurately the fertile queen ant burying he]-- 
self in the ground. A day or two later he found this insect in its 
ne.st. but unchanged in condition, and several days afterwards he dis- 
covi'red a mound of from "20 to 30 eggs, n(‘ar which was a flat mass of 
fungus of from 1 to 2 mm. breadth, witliout. howe^'er. any kohlrabi 
growing upon it. When the fungus bed had reached a diameter (jf 
2 cm. the kolilrabi a])peared. according to von Thering. and one couhl 
often see the ant^ hailing on these. From eggs embedded in the 
fungus garden and lying on its surface larva' had hatched out. but 
when the mass was renio\ed the fungus wilted and the larva' died. 
According to von Jlu'ring's estimate, two to three months elapse from 
the start to the appearance of the first workers. He therefore con- 
cludes that the last portion of the bre('ding ])eri()d must be one of some 
tlifficulty. seeing tliat as yet no leaves for the pi'rnianent growth of 
the fungus garden lui\e been brought into the nest. But. as will l>e 
shown further on, the cultivation of the- garileii is provided for. 
According to my oliservations. lierein recorded, it is by means of 
rtipturc'd ('ggs that the proper organic siiljstratum for the garden is 
supitlied, the soil rich in humus abo atl'ording tiourishmeut. 

Von Ihering's most important statement is that in some alcoholic 
material he discovereil the fact tliat each fertile female ant in enter- 
ing the nest carri('-. in a cavity at the back of the mouth a soft jtellet 
about 0.3 mm. in size, consisting of filaments of the fungus. ifr/.t/Yc.s 
(joiK/ijIiiiihiird. mi.\('d with particles <d’ bleacheil Iiaves and I'arious 
chitin hristles. Fn([Uestiouably the |)ossil)ility of a fungus garden 
being estalilished by fertile females is rendered evidc'iit for the first 
time by this disiovery. 

In 11*04 Profes-or (loehli, bv means of a brood case constructed 
for the purpi)se. watched the founding of a colony by a female Attii 
u]i to the time id' tlu' forming cd' the pupa; in fact, to the period of 
its "ripening" (metamorphosis). Ihu he was disappointed owing to 
fhedt'athof tlu' colony before the mature injects appi'ared. However, 
the possibility of a fully isolated h'luale liringiiig into existence a 
colony wa^ liractically proven by thi- observation. In a communica- 
tion on this subject to the Zoological Congress at Bern in 11)04 Pro- 
fessor (iocldi di'aws the conclusion that on account of the peculiarly 
granular character of the temporary fungus gard('n it is probable 
that broken-u[) eggs are used as a substratum for the funtfus. 

“Die AuUure ueiier Kolouieu uuU I’ilzgartea bei Aihi ; Zoulog. Aiizei- 

ger. ltd. XXI. yp. 23S-2d5. 
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If we now group the results obtained from these previously men- 
tioned investigations, we secure some such conception of what has 
already been done as that embodied in an article l)y Professor Forel, 
recently published in this journal." It should lie stated, howevei': 
( 1 ) So far no investigator has succeeded in following the formation 
of an Attd colony up to the time of ap[)earance of the young workers, 
much less the establishment of a permanent fungus garden. (-2) The 
manuring of the fungus is thouglit by two authors to lie accomplished 
by means of ruptured eggs; but this is not yet established beyond 
tloubt. (3) Investigation has not yet revealed the source and method 
of feeding the larvae 

On Januaiy 20 of the present year (lOO.I). Professor (roehli began 
a new series of obser\ ations of a number of females of *l/h/ 
which had embedeletl themselves in earth inside of a breeding box of 
his construction. Although at the outset 1 was assticiated with him 
in these observations for tin* specitic ]uiri>ose of investigating the 
fungus, I was later on intrusted with tin* ('iitire iiwestigtitioii. Pro- 
fessor (ioehli being absorbed in other work. Itiiring my studies and 
observations, continued in an unbroken series thrt)tigh February, 
March, and April. 1 repeatedly received aiil and encouragtunent from 
Professor (loeldi, especially in inattcus of information relating to 
literature Itearing on this stilijeci. In recognition of this I desire to 
here express to him my hetirtiest thanks. 

The series of observations, begun .January 2ti with about 12 fertile 
females, were further tmlarged by two othei' siU'ies conrainiug num- 
berless individuals, secured fi'oin flights occurring on February 23 
and March 12. a circumstance tlnit rendered jtossible investigations 
by diverse methods of cultivation. On this jtoint it is suilicient to 
here state that besides a large number of culturi's in the (loeldi breed- 
ing cas(‘ filled with earth, others were placed in crvstallizing dishes 
(to atl'ord observation from above) and in small plaster boxes having 
glass .sides at front and back (to tillord observation from the side) ; 
and in addition to these a number of in'sts in the o]ien ground, mai'ked 
at the tinu' the fertile feniah' eiiilM'dded hiu’self. were opemal at the 
j)ro})er time as iudicati'd by a control experiment. These observa- 
tions were so far crowiietl with success as to result not onlv in follow- 
ing, without a break, several Ciises of the fotinding of new colonies 
from the beginning to the tinu' of appearance of the workers. Imt also 
in soiiu' instanc(‘s in observing the commencement of haif-ctitting 
operations and the constructions of a jicrmanent fungus garden. 
Uejieated and careful observations of the Atfn female and her 
descendants yielded also a number of inti'resting facts which I shall 
here merely enumerate, reserving for a more elaborately illustrated 

U TUolo,:;. I 'eiitnilUlart. ltd. XXY. ji. ITU ft. 
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lreati>e Llie s 2 )ecific facts of the studies, the fail details of the seiiarate 
lines of observation, and the sjiecific mycological results obtained. 

The initial steps in founding a colony are most readily observed 
by inclosing the female Attn in a glass-sided comiiartinent kejit suf- 
liciently humid by means of damjiened blotting iiaijer. On the day 
following the mqitial flight the ant is seen to have disgorged the 
small pellet of fungus threads miou the ground, where it may be 
ea.^ily oi'erlooked. being hardly more than ()..“> mm. in diameter, fre- 
quently yellowish or almost black instead of white, and therefore 
lost sight of among the other materials. I have found that as a rule 
a few eggs ( (> to 10 ) are to lie seen after the third day. and the fungus 
liellct is found to be sending out delicate threads (hyi)ha?) in all 
directions. (Fig. 7.) On the same or the next day the ant se})- 
arates the fungus into two or three small hea^is. (Fig. 8.) During 
the next ten to twelve days there is usually a daily increase of about 
10 eggs, though this varies in individual cases. At the same time 
the fungus ])atchcs increase in numl)er and size. They have a diam- 
eter of 1 to '2 mm. and closely resmnble small cotton seeds covered 
with erect threads. At first the eggs and fungus masses are seiiarate. 
but after a time they are brought together, or, at any rate, part of the 
eggs are jdaced ui)on and between the fungus patches. At the 
exiiiration of eight to ten days these patches are so numerous that 
they unite to form a round or elliiitical shield-shaped growth with 
a diameter of 1 cm. : and from this time on the eggs are to be found on 
this growth. In time it becomes so compacted that with a little care 
the entire ])latter-shaped mass, together with the eggs upon it, may 
be raised from the' ground, the out('r rim being usually quite thick. 

Somewhere about fourteen to sixteen days after the female Atta 
has established her sitbterranean dwelling, the tir-t larvte can be 
clearly seen lying among the egg- which by this lii.ie amount to over 
100. The fungus garden is now from 1 to 1..5 cm. in diameter. The 
number of larv;e increa'Cs daily and their rajud growth is es 2 :)ecially 
striking, some attaining within a week a length of fiilly 2 nun. A 
month or so after the beginning of the inii)ri--ouiHeiit the first pupa- 
are to b{> seen. They vary in size, the smaller being 1..") to 2 mm., 
the larger 2..i to .3 mm., or. in rare cases, 4 nun. At this time the 
fungus garden has attained a diameter of about 2 cm. and has a per- 
ceptibly thickened rim. During its early development there is no 
tr.'ice of koldrabi formation observable ( cf. ligs. 7-11 and (i). Xow, 
however, these bodies can be indistinctly seen on the liorder of the 
fungus garden. Eight days later, when tlau'e an> about 30 jtuimx 
the older of the'*' begin to take on a brown color, and a few days 
after this the tirst young workers appear. They at once busv them- 
selves with the care of the pinta* and the iterson of the queen, and 
begin feeding on th(' kohlrabi. 
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It is necessary to state here that the foregoing case of develop- 
ment in forty clays is the most successful one that I have in my record 
of cultures. HoAvever. the majority of cases belonging to the last 
flight of female ants, rvhich occurred on ilarch 111. are classed to this 
category. Some few of these were, together with their otf'spring. 
\'ery slow in development, and some of the broods rer[uired a peiiod of 
two months and three days before the first working ant appeared and 
became active. 

These, in a general way, arc the facts observed in a preliminary 
study of the founding of a new colony by Atfa .s .r(Icii'<. Hut there are 
a number of (piestions, answers to which are imperative for the bi- 
ologist, and the solving of whicli becomes possible only by very critical 
observation. These prolilems are the fertilizing of the fungus garden 
and the nourishment of the mother ant and her young brood. 

The (piestion of chief moment is this: 'What means are employed 
by the (pieeu ant to stimulate and maintain tlie growth of the fungus 
brought by her in the cavity at the back of the mouth? For this 
organic source of sujiply needs to b(‘ develo])ed in the shorte-t pos- 
sible time, and it is evidently out of the (piestion to supposi' that a 
pellet of fungus liardly ()..') mm. in diamel(>r can be made to grow into 
a fungus garden of more tlian 2 cm. in dianietiu’ and bear its fruitage, 
of kohlrabi without sonu' sjiecial means of nourishing. ,-V micro- 
scopical examination of a young fungus garden reviuds a meager sub- 
stratum of plant material recognizable as fragments of plant ejn- 
dermis. vascular lubes, corroded starch grains, ami crystals of oxalate 
of lime. Hut these substances are to be found in like iproportion in 
the original fungus pellet, and it is (‘vidimt tluw were transported 
with it from the mother colony. In addition to tlies(' mauudids there 
are soon seen to b(> among the fungus masses toi'u fragments ])laced 
here and there and saturated with a yellowish li(piid. and even without 
the aid of a lens ydlow areas and yellow or brown drop's are discov- 
erable'. These dro])s are the key to the puzzle as to the mode of 
nourishing the young fuugits garden." Tlu'rc is no doubt a- to the 
fact of this manuring of the fungus by the aiU with liepiid excreta. 
The furthi'i' cultivation of the garden coii'ist-. in licking the threads 
(hypha-). a pu'occss that hardly te'iuls to promote growth, but rather 
seine's to control :ind guide' it in ce'rtain directions. Tlu' operation is 
also an agreeable one for the ant. as certain transparent drops are' 
exuded from the fungus which she consumes, ddie development of 
the new fungus g-arden is tiicre'fore' seen to be es^entiallv a matter of 
Its enrichment by nie'ans of excreta, and the granular or liecke'd 
appearance of the fungus, as well as the constant increase m the num- 

" Tile* author at tliis point eiirors into a etotailod and nure'served description of 
nianurini,' tlie fiiiiitus leeds Iiy me Ceiiiale Attn liy tile' use of excreta of lie'r own 
t'ody. A literal trausl.-itioii of tliis passaere is here ouutte'd. — Translator. 
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her of the patches, are clearly explainable by this process of manur- 
ing. The occasional use of crushed eggs as a manure lias never been 
detected by me in any niicroscojiic examination of the fungus garden 
nor seen by direct observation, although in an indirect sense it is 
evidcuit that the eggs may bi“ looked n[)on as a source of enrichment. 
According to my observations the manuring of the fungus begins 
very shoi'tly after the flight from the mother colony, and it continues 
until the establishment of the garden is completed. 

If an active Attd female is ivalched for several successive hours 
it is seen that her ivork is methodically arranged. The inspection 
of the apartments and the cleansing and les'eling of the door rerpiire 
cenijiaratively little time after the initial ivork is done, but are never- 
theless attended to at stated intervals. Idien comes the care of the 
fungus gardens, a task recpiiring more time, followed l)y a third and 
supremely important duty, the care of the young brood. Eggs 
and larvte require to be diligently licked, placed in clusters, or spread 
out separately, put in contat-t with the fungus or separated from it. 
and later on laid in the hollow center of the fungus garden, or cer- 
tain individuals of the brood removed from it. By the use of a 
plaster box or a (loeldi ne-ting cas<>. egg laying and tlu' process of 
manuring can both be readily ob-erved by means of a hand lens, or 
photographs can be taken (-ee tig'-, is and 'J'he ant raises itself 

upon the middle and hind limbs and receives the egg in its mandi- 
bles. After a lengthy examination with its feelers the egg is placed 
with the others in the center of the fungus garden. This jn'ocedmi' 
is not always followed. By lery carefid observation, and esjtecially 
when the ant can lie tvatched in jtrolile. 'O that the motions of the 
motith parts are plaiidy observable, it is possible to discov(*r that the 
egg. after being careftdly tasted, is not actually deposited, but taken 
up again, tasted anew, and then suddenly disa]i])ears in the mouth. 
The mandibh's are not. however, brought itito action, but the ant 
lemains for some seconds perfectly motionless, the head held abo\'e 
the fungus garden, the feelers moA'ing lightly, indicating a state of 
.satisfaction. The mandibles and tongiu' now move rapidly, and the 
front feet are drawn through the mouth parts in a peculiar way. It 
is ei’ident that this period of poise and activity indicates that the ant 
is dcA'ouring or sucking the contents of the egg. which is pressed 
bet ween its mouth jairts. Esually it is not immediately eaten, but 
(luite a period of Tasting and an a]i])arent state of indecision on the 
part of the ant si'eni' to take idace. Much more infrecpiently thosi' 
eggs are eaten which have been actually deposited — at least this is 
the case under normal circumstances, when, for (‘xample. the fungus 
gardtui is alriauly developed. If. however, this source of supply is 
lacking, the befeire-meiitioned occurrence is more common, and a 
gradual decrease in the number of eggs already deposited can then be 



THE FOHXDIXG OF COLOXIES BY ATTA SEXDENS. 


361 


easily seen. It may l>e said tliat the devouring of eggs is a very 
t'omnioii oecnrrenee. 1 have seen it take place as often as six times 
in tvo hours — in fact, as often as four times in a single hour — and 
have noticTal it in the ca>e of all the Attn females that have been 
under my oliservations. According to my investigations, it may be 
stated that durina’ the early breeding period an Attn female will, on 
the average, lav not less than it eggs every hour — that is. approxi- 
mately tiO eggs a day. But as has already been stated, during the 
first ten or twelve days the number of eggs increa'-es only about 10 
daily, so that for each eggs laid 4 must be eaten. If the total 
of the eggs for the jau'iod of lu'ood development is estimated up to 
the time of the aj)[iearance of the lii'st working ant: — let us say a 
minimum of forty days — v(‘ get a total of eggs, whereas the 

entire l)roo(l at this time, ineludiug unhatched eggs, larvie. and 
nymphs, will not exceed 200. We therefore tind a proportion of 
eggs devoured to every 10 laid. 

The foregoing e-pecially unfavorable jtroportion is doubtless to be 
attributed to the fact that the lar\a‘ requiretl from the beginning 
to be fed with the egg-. I'he feeding of larvte is a proc(‘ss somewhat 
more difhc'ult to oit-erw' than that of manuring the fungus-garden, 
the egg laying, or the devouring of the eggs on the part of the 
female, because it only rarely happens that the larva’ are in a posi- 
tion to bi' accurately obsiu-ved: but on s(‘V('ral occasions I have been 
fortunate eiiougb lit have tbi- procedure, from beginning to end. 
under inspection by means of a band lens. When the egg has been 
laid, the mother-ant te-ts it for some -ecoiid- by a jtroeess of tasting, 
and then turns to one of the lar\:e. which she cares-es with her 
antenna' until it bi'gins to move its mandibles. The egg is then thrust 
lietween its mouth part- with considerable force. Tbe-e continue to 
work back and forth ttpoii the egg. which eitlier stands perpendicular 
to the larva, or. as i- more freipient. lies along its ventral side. In 
the latter case the moth(‘r-ani often pre—os the ('gg with her foot 
against the lai'va. If it i- siill very young, the egg is generallv after 
a time tak'cn away and given to another larva. A good-sized larva 
is. howi'Ver. capable of devouring an (gg in from three to fivt' min- 
utes. so that nothing but the h'athery skin remains, which is later 
removed by the mother-ant. M any rate. 1 have clearlv observed 
that a larva whose mouth part- were in vigorous action uiion an 
empty egg-skni had this residue licked awav bv the mother-insect, 
and that then the movena'iits of the larva ci'ased. It is no doubt 
due to the rapidity with which the larvie devour the eggs that one 
so very rarely comes iqton them in the actual ]iroc('ss of (>ating them, 
but I have ch-arly establislnal the fact that feeding of hirviv with 
eggs is a very frecpient occurrence. Thus, for example. 1 have noted 
in a forenoon the proce-s of egg laying to lake place four times ami 
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the feeding of larv® with eggs an equal number, and in an after- 
noon during two hours eight cases of egg laying and four of feeding 
thc-c to larran I am of the opinion that up to the time of the 
apiDearanee of the workers eggs form the exclusive food of lioth the 
mother-ant and her brood. I have never detected a case of the 
Attn female supplying the larva- with either the mycelial threads 
or the kohlrabi of the fungus {Rox'ttex). Furthermore, in opposi- 
tion to ^'on Ihering's ob>ervations. I have never seen the mother-ant 
herself feeding iqion the kohlrabi. These structures appear on tin- 
fungus-gardi'ii after about a month, but I have been impressed with 
the inditlerc-nce toward them uniformly displayed by the Attn female. 
Tn order to te>t this. I havi- several times supplied a motlu-r-ant which 
had lost lu-r supply of fungus witli a portion thickly beset with 
kohlrabi formations. This sIr- has applied to the purpose of culti- 
vation without showing any interest in the kohlral)i. The latter 
i-emained untouched for a week or more and were finally hidden 
undei- a growth of mycelial threads. The most conclusive proof 
that the fungus plays no ai)pr('ciable part as a food supply during 
the earlier portion (d the breeding period and iij) to the time of the 
appearance of the worker> is the fact that the female Atto is able 
to rai-e her lirootl in the absence- of this fungus, although in dimin- 
ished numbers. I have, indec-d, lu-ver seen such an oee-nrrence under 
natural conditions and oidy once muh-r the ai-tilicial i.iilturo condi- 
tions. A migrating female which left the ni-'t on the filth of INIarcli 
had on the ITtli of iNIarch been unable to secure any mycelial growth 
with her transported fungus pelh-t. which n-mained l)lackish in 
color. On the Isth of iMarch the female s(-curod froi>i another ant 
a piece of fungii- from a fungus-garden. It was imniciliately cid- 
(ivatc'd. In-gaii to grou. but early in April proved a failure. From 
that time on the work was carried on without any fungus. The 
number of larva- and ]mpa- weti- feveer than in other colonies of 
equal ag(-. but on the ileth of A|)ril then- wt-n- two tvorkers of a.w-rage 
size, and on April itO seven vigorous workers. The devouring of 
-ggs by isolateil female ants is made evi^lent in an indirect wav by 
the disa])i)earance of eggs alreaily laid, althoiigli the process has 
never been oli'crved by me. In regard to tin- feeding -of tlu- brood 
by a solitary maternal ant. .Tam-t and Forei, .is 1 undi-rstaiid it. luive 
advanced the opinion that llu- larwc are fed with a luilriLiw liquid 
(h-rived from eggs devoured by her and which -he sucreles in the 
communal stomach j jobot). In n-'pect to Attn, at lea-t. this is not 
the ca-e. 'riie eggs ai’e hen- directly fed to th<- larva-. Coniparative 
investigation- inii-l delerniiiu- whether or not this method of feeding 
takes place with other ant'. It is at k-a't noteworthy that in the 
ease of Attn the larvi.e are not later on fetl hy the workers with their 
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stomach contents, but directly with the kohlrabi growth of the 
fungus. 

A new period of existence for the colony begins with the aj^pear- 
ance of the first workers. On the one hand, new necessities arise, as 
the young workers bring a decidedly good appetite along with them. 
On the other hand, no inconsiderable help is afforded to the mother 
ant in the care of the fungus garden and the brood. the~e workers 
displaying from the first moment of their existence a purpose to be 
true to their name. The manifold intelligence and dexterity of the 
Affu female is by no means dispensed with at once, particularly as 
the workers hatch out gradually. After the api)earance of the first 
set of workers, which almo't uniformly are of a very small variety, 
measuring only d mm. in length, their number increases dailv bv 
from 3 to d. Soon after this (in rare cases on the ^■ery first day) 
there appears another variety with a body length of .'I mm. The 
duty of cleansing, smoothing, and ]mtting into jihvsical condition 
the.se first workers falls naturally upon the (|ueen. T>ut after these 
hav(' come upon the field of action they take uji llu' future laire of 
the metanior 2 )hosed jtui.ae uj) to the time of their coming out into 
the adult state, whereas the <|ueeti shares in these activities ([uite 
infrequently. The care of the fungtis-garden is from this time on 
attended to mutually by the mother and the workers. The former 
continues to manure' the garilen in the iismd manner. I'he voting 
workers also slnire in this work, deiiositing the excretti in the form 
of minntt' yellowish drojis. It is droll to note with what scrtipnlotts 
care they select the ih'sired jdaces for this (Miriching. and how the 
mother ant apiiroaches and displays an int.'rest in the operation, 
inspecting the jilaces and assist itig to pri'ptire them. In addition, 
the young ivorkers take up tlu' task of trans])orting little masses of 
the fungus mycelium to the freshly iminiin'd areas, so that tin' ele- 
vatt'd bordt'r ol thi' gardt'u tiiipears built iij) here :ind tlua'i' with 
minute mounds. On aecotint of this united activit\' on the part 
of queen and workers in enriching the fungus-garden, its dimensions 


increase considerably, rai’ely. however, going beyotid ^..“i cm. bt'fore 
the process of leaf cuttitig begins. The larva-, tin- number of wliieh 
ra-pidly increases, are still fed with eggs. It i^ ,,t' interest to ob- 
sei\e how in this task the workers gradually relieve the mother-ant 
of the larger shaiv. It often hapin-iis that tin- mother-ant jtlaces 
an egg in the regular way against tin- mandibles of tin- larvtt. but 
it IS fmimmtly seen that it is not satisfactorily arranged or is sinqilv 
depo-sAed m the nest ; in the latter .-ase the workers pi,-k it u]) anil 
gi\e it to the hirva. I he workers also stroke the larvte with their 
antenna' in the same manner as the mother-tint, so as to cause them 
to move their mandibles when the egg is given to them. I have 
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o'enerally been able to observe the same ego- l)eing given to several 
larva? by the -workers, -niio slo-wly squeeze it with their month parts. 
The food of tin- workers at this period consists of kohlrabi. This 
has been de\eloped for some time and is seen in large (luantities 
along the margin of the fungus-garden. As a rule the little workers 
are incapalde of consuming an entire kohlrabi, but merely nibble 
upon it where it grows, licking up the crystal clear drops that ooze 
out of its interior. Often, however, these bodies are cut from the 
fungus and then devoured by two or three workers or are passed on 
from one to another of them. It is not at all inqjrobable that in feed- 
ing the larvu' the workers themselves occasionally consume some of 
the liquid contents of tin- eggs. Once at least I detected a worker 
trying to s(|U(‘eze out the contents of an egg between the mandibles 
and niaxilhe; slu- vas. however, prevented by another worker. In 
regard to the nourishment of the (|ueen. I am compelled to admit 
that I am somewhat in the dark, for after the appearance of the 
young workers T hav(- observed only :» solitary case, and that a 
rather doubtful one, of the (|iieen devouring an egg. ATienever I 
have seen an egg laid I have noticed that it was either deposited in 
the nest or given to the larvuv The queen does not feed upon 
kohlrabi at this period any more titan previotisly. 1 have, howevt'r. 
observed the process of a worlter tipjtroaching thi' (pieen. spreading 
its mandibh's and otl'ering its tongue, wliich is then licked by the 
(pieeii. At lii'st I beliered this to be a case of the feeding of 
workers by the (pieen. Itnt inasmuch as the workers feed upton kohl- 
ralti such a conclusion is rather improbalile. and the more ptlansibie 
exptlanation secnii' to be that tla* worker is in this way otl'ering 
some nourishing lii[uid to the queen. (.)n this poinl^ further investi- 
gation is needed for a sah* conclusion. 

The workers, which, as jtreviou-ly remarked, are of two sizes at 
the beginning, do not display any deliniti' distinction in their labors. 
On certain days they are to be seen almost eiiliri-ly concernc'd with 
the fungus garden, oidy rarely one or another of these moving a 
few steps away. At the exiiiration (d' a week 1 tii'st noticed a soli- 
tary worker making excavations in the earth, without my being at 
all certain that it was in any way conneett'd with the preparation of 
an exit tunnel. .Vbout the same time tlu-re began to apqa-ar work- 
ers with massive heads 4 to T) mm. long. In one of my cultures, 
nine days after tin- a])pearance of the Hrst workers, and when there 
were aliout 3.") of these. 1 noticed for the Hrst time the young w orkers 
very bu-y in nuning operations, two tuniuds on opiposite sides about 
nun. wide being c.\ca\'al(‘il. and evmi the sniallc'-t of the workers 
sharing in die operation. In the case of another colony of mine I 
discovered on the -!d of IMay. ten days after the aprpiearance of the 
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first worker, the commencement of an exit tunnel, the mouth of which 
was soon surrounded with a quite hig'h crater. (Fiy. 2.5.) ATith still 
another colony, founded like the former one on March 12. the same 
conditions were noted May .'). In both of these cases pieces were 
cut from rose leaves that had been siipjDlied and were carried down 
into the nest. 

Here we pass from the transitional i)eriod into the definite period 
of the construction of the funo-ns o-urden. I had not, up to this time, 
actually s('en any cases of exit tunnels under natural conditions; the 
before-mentioiH'd experiments makinir it evident that seven weeks 
after the founding:’ of the colony its young' worlcers are in condition 
to open up connection with the outer world and to take iq) the task of 
leaf cutting'. 

For the ])urpose of accuratidy studying' the definite period of 
fungus gardtui construction, a ((iieen ant and thirty young workers, 
together with a transitional fungus garden, were placed in a glass 
case without any soil, and a rose leaf was then introduced. The date 
was Ajn-il Mb. I'hree hours after this I found the leaf cut up 
and the minute, irregular fragments worked together into small 
masses and placed at x arious points around the boi'der of tlu' fungus 
garden. During the afternoon of the same day scraps of the fungus 
mycelium selected from other places, particularly from the under.side 
of the fungus garden, avcu'c planttsl on these leaf fi-agments. During 
succeeding days, the eircumfei'i'iice of the garden was visibly raisi'd 
by means of repeated addition- of new leaf fragments, and particles 
of inyceliiim planted upon them, so that the young brood came to be, 
after a while, in a sort of room, which later ( Alay +) had been almost 
completely roofed over. .Vloiigside of this the fii'st foundations of 
adjoining apartments were ct)nstructe(l. one of which .served the pur- 
pose of a storeroom f(jr the more or less <'ompletely chopped up and 
interwoven leaf particles. During the jjrocess of leaf cutting, ])er- 
formed. as would be expected, only by the larger individuals, and 
the building up of the definite fungus garden, in which the smallest 
workers share, the process of manuring seems to be no longer carried 
on — at least I have not been able to observe it. The cpieen appear.-, 
to look with very little favor upon this new method of fungus culture. 
Often standing immovable, and as if sulkine. she turn- sideways to 
the garden and goes to it onlv for the purpose of inspecting the work, 
hastily licking the fungus, laying her eggs, oi' feeding the larv;e with 
them, and even in these matters the workers fre({uently replace her, 
snatching the eggs from her mandibles and even taking them from 
the abdomen. There now sets in for the queen a jau'iod of gradual 
retrogression, which terminates finally in debasing this painstaking 
and industrious mother into a mere egg-laying machine. The domi- 
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Hunt factor in thi.^ gradual retrogression is luaiiily the overabundance 
of Avorkei’s. the activities of T\hich perpotnally hamper the queen. 
It is partly due also to the rapid development of the fungus garden 
which precludes the possibility of its care and inspection Iteing accom- 
plished by the mother ant. Apparently, also, the new mode of 
fungus culture' is uncongenial to the ([ueen. and as a consequence she 
gi\i‘s up her own share in this work. The care of the metamorphosed 
Ijupic is. as we ha\ e alreaely seen, the lii'st responsibility that the cpieeii 
I'elinquishes into the hands of the workers. In the matter of tending 
the larva' during the transitional period, the duly is narrowed down 
to simply supplying them with eggs, and this, as already noted, is 
more and more delegated to the workers. In consequence of this 
steady eiilarg('ment of tlu' fungus garden the larva' (and the eggs as 
well) are gradually removed from the domain of the mother ant. It 
is not surprising that at hrst the larv:e continue to be fed with eggs, 
since at this period the quantity of kohlrabi is small, being barely 
sufficient for the adult workjcrs. Xi'vertheless. I once noticed a small 
worker oil'eriiig a halF-eateii kohlrabi to a lai’x a. and finally mashing 
it up in a very [jractical way in front of its mouth. In this way a 
beginning is doubtless made in the further fet'ding of the larva' with 
kohlrabi, which comes to be a gc'ueral thing as soon as the necessary 
supply is obtainable. The time at which the feetling of the (pieen 
with k'ohlrabi begins b at ])re'ent unflerti'rmined. a process sei'ii by 
Professor (loeldi and rejn'aledly l>y nu' as well, in the case of old 
colonies. In all probability the workers ado^)! this source of supply 
as soon as kohlrabi is plentiful enough. If niv theorv regarding the 
feeding of thi' qiict'n by the workers during the transitional period 
proves to be the correct one. this 2)eriod would then be the natural 
time of changing from the original egg diet to a vegetable diet upon 
kohlrabi. 

.Vlthough it liocomes evidi'nt from what has bei'ii previously here 
recorded, that in the casi' of Attn sr.rdcn.s thi' foundation of a new 
colony is possible by means of an isolated fertile female and often 
doubtless takes place in nature, this does not in any sense exclude the 
jaissibility of such a colony being founded by adoption. A number 
of mv investigations bearing on this point have been fullv successful. 
For exaiiqile. fig. gti re])res(Jiits a colony resulting by adoption of a 
(jiieeii on tlii' ])art of workers from an old nest. The fertile female, 
held in captivity for a month, and taken iluring the breeding period, 
was carried away by the workers to a subterranean nest. At first 
she sought to share in the care of the fungus garden and the young- 
brood. but was prcNi'iited from doing so to any considerable extent by 
the swarm of workers, and at length seemed more and more to sink 
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into a condition of brooding-, and abandoned at la^t even the attention 
to her o\\n eggs. 

Sinn run nj . — The most important points of the foregoing investiga- 
tions may be summarized as follows: 

First. The fertile female of Attn st.cdciiK has the capacity. Avithout 
any outside aid or sujiply of nourishment, to found a colony in an 
underground cavity excavated by herself. 

fSecond. The length of time for the development of this colony up 
to the Krst ai)])earance of the Avorkers, comprises, under favorable 
circumstances, in the vicinity of Para, a period of forty days. The 
first lar\a‘ ajipear afti-r fourtecm days, the first pup:e at the end of a 
month. After the arrival of the lirsi Avorkers at least a Aveek elapses, 
aiul ill nature jierhaps a longer period (transitional ])eriod) before 
any communication Avith the outer Avorld is made and the Avork of 
leaf cutting begins. 

Third. The fungus is at the oiit-'et manui-ed Avith excreta from the 
mother ant, and during the transitional period from the young 
Avorkers also. 

Fourth. The mother ant is at lirst notirishetl with her oavu eggs, 
only an inconsiderable percentage of which are reserved for the 
itrocess of hatcliinc'. Furthermore, although she licks the groAving 
fungus, she ne\'er feeds upon it. After the first workers make their 
appearance the niotlier ant is probably fetl Avith the fungus. 

Fifth. l’h(‘ lai-A'a’ are at first fed Avith eggs by tlie mother ant. and 
during the tramitional period by the young Avorkers. 

.•^ixtli. Tile yotuig aa orkers from the very start feed uj)on kohlrabi. 

l*Ai!A, May ItJOo. 



PLATE I. 

Fic. 1. — Entrance opening to subterranean nest of feiualo ant. Pellets 
of earth arranged about the opening. 1 nat. size. 

Fio. 2. — Verticui section through subterranean nest, after 11 days. Nat. 
size. 

Fig. 3. — Nest in a Goeldi breeding ease: lb days old. Nat. size. 

Fi(.. 4. — Sagittal section througli head of Atta female, soon after leaving 
parental nest; mouth closed; fungus pellet in its si)ecial cavity. JIagnitied 
about !> times: somewhat dingranuuatic. 

Fig. .I. — Same as tig. 4 : moutli iiarts e.vtended to show meeli.anism for ex- 
jielling fungus pelli't. 

Fig. b. — Mycelium of temporal^ fungus g.irden. Magnified aliout l.'b times. 

Fig. 7. — Eggs and tungus pati-h 2 ilays after the nuptial llight. Magnified 
5 times. 

Fig. S. — Same. 3 days after nuptial llight. .Maguitied times. 
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Fig. 0. — Sumo, 7 days ut'tor nuptial lli^dit. Ma^nitied 5 timcx. 

Fig. 10. — Funs^us gardou lo days old; il. o.Koivta drop. Magnitiod 0 times. 
Fig. 11. — Fungus garden 14 days old. with about ](i(i eggs and numerous 
exereta drops. Jlagnilied 7> times. 

Fig, 1L’. — Fungus garden 4 weeks old. with numerous iarvio and several pupie. 
Magiiitiod ."i times. 



PLATE III. 

Fig. 1". — Manuring tiie fun.i;ns garden. Instantaneous photograph taken in a 
piaster lireeding casi' after the method of Janet, adajited for use with Atiii b.v 
(Joeldi and lluher, Nat. size. 

Fto. 14. — Same, Nat. size. 

Fig. l.j. — The mother ant at her toilet. Nat. size. 

i IG. IP. Kohlralii growths: the fungus threads luivi’ iteen somewliat seiai- 
rated. Magnified l.jO times. 

Fig. it. — P rocess of licking fungus garden by the mother ant. Instantaneous 
pliotograph in the Goeldi lireeding ease. Nat. size. 

Fig. is. — E gg laying. Nat. size. 

Fig. 10, — The same. Nat. size. 
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PLATE IV. 

Fid. 2(1. — FpetliiiK <'i Itirvu. «. l>. c. Miccessive stages of the proeess. Reclneed 
drawing from a micro-iiiiotograph. Magnified alioiit 10 times. 

Fic. 21. — Jlother ant upon the ne.st. at the time of appearance of the first 
workers. 

Fid. 22. Fungus garden after tile appearama' of tiie first workers. Along the 
border drojis of excreta the mother ant and severui smail workers can be seen. 
Magnifii’d 2 times. 
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Figs. I’S. 24. — Funjiiis iianlrii iiiid '■) days after the bejiimiiiin of the 

leat-nitthar iiroi'(‘ss. tforker tieiliatc (Vi the (lueen. Xat, siz('. 

Fig. 2.'. Exit opening' of .a youn ,2 eolony. ( ai a sheet of iilass ii/) placed over 
the nest. Iloso lea\(‘s. from which pieces have iieeii <-nt, lyinn near the opening; 
one piece left hy the ants on the rim of th(> crater. .'<liglitly reduced in size. 

Fig. 2(i. — A young adopted <-olony of Alta 'Pht' white spots represent 

the mass cf koldralii formations alroa<ly developed in the fungus garden. 
Queen dim!-, visililo at (A'). 
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Founding of Colonies by Atta Sexdens. 




QUATERNAin' HiniAX REMAINS TX (’EXTRAL EUROPE. 


Ry Hi orus Ohermaiek-^ 


INTin )r>l'(’TI(>N. 

In order that the great problem of quaternary races in central 
Europe may he presented -with aeciiracy aud reliable conclusion-^ 1 m' 
reached, it is indispensable to bi'^iii by establishing a list of well- 
authenticated quaternary anthropological discoveries, and scjiarate 
from it all finds the age of which is not settled. A record of this 
nature can be accomplished only by patient and methodic discrimina- 
tion based on a painstaking study of the localities, the objects recov- 
ered. and the pidilications relating to ancient man. With the aim of 
])roducing snch a record, tlu' writ('i‘ has apphu'd himself for sevc-ral 
years to the study of everything that appeared in lU’int on the sub- 
ject of (|uaternarv man in Europe, and visited, as far a^ possible, the 
collections, the localities of tlu' finds, aud tlu' men who made the dis- 
cov('ries. The present publication is the re-^ult of the^t' re'carches: it 
is pmady g(‘ological aud arclu'ological in nature, nevertheless the 
ilata will also be of -ervica' to those who may desire to deal with the 
]U-oblem from the standpoint of idiysical anthropology or couqiar:i- 
tive anatomy.'' 

OEoi.oc.K'Ai. < iiKu.Nor.of:v OK Tin; <.)i aterX-VIKI' I’EUlon. 

For accurate chronology of the qualernarv of the Aljis we are 
indebted to A. Penck and E. Briickner. d'his chronology was briefly 
outlined by the writer himself in L'.Vnthropologie and extended 
to th(' rest of Eurojie in another jmblication. and geologists dealing 
with northern (lermany and England conformed to it in all essen- 
tials. Al. J. Part-^ch has shown that glacial plnmomena presential 
the same characteristic-^ over all the other mountainous masses of 
Europe, and that what can be termed the climatological harmony 
of Europe has been evervAvherc lowered bv sevi-ral octaves during 

« .Vi>stract, irnnslateU by itennis-JiMii. from t/Antlirojwiloyie. 'f. XVI. Xu-, -l-.'i. 
lUO.'i. an.l iliiil.. T. XVII. Xos. 1-2. tUOU, -npuloinmiteU with auTlinr's addition-. 

''For detailed bililioyu'ajiliieal refiTeiiees the reader is referred to tli - oriyiii.'il 
liapers iu L'Authroj)oiogio. 
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the glacial periods. Due to this, eveiy one of the ice invasions in 
Middle and AVestern Europe manifested, even in regions where it 
left no geological traces, a distinct arctic-alpine fauna. 

Penck endeavored to apply his geological chronologi’ also to the 
known sites of quaternary man, but he encountered difficulties on 
account of finding only the so-called Magdalenian stations in direct 
connection with the glacial deposits. This circumstance made it 
possible to eventually determine the late postglacial age of these par- 
ticular remains. The more ancient stations of the Solutrean inam- 
iiioth hunters lie in the loess, far from the Alpine ice centers and 
without a direct connection with the.'^e, and the determination of their 
exact anti(|uity jjresents more obstacles. However, on the base of the 
information then extant, Penck constructed the following chrono- 
logical sclieme : 

I. (Jlacial period. 

J. Iiiterglaeial period. 

II. (Ilacial period. 

2. Interglacial perioil : CUelleeii culture. 

in. (ilaciul period; Mousterian i-ulture (cold ^■liulateI. 

:i, luterglucial perioil. 

(ii) tt'ariu — Mousteriau culture (eud). 
ib) Cool — Solutrean culture. 

IV. Glacial period. 

Postglacial time — Magdalenian culture. 

It was the above chronology which I have utilized in my writings 
(including the French version of this paper). Since the pulilications 
in L’Anthro[)ologie. however, iny geological and archeological inves- 
tigations in A^ilh'franche and the Pyrenees resulted in new evidence, 
on the liasis of whicli 1 must modify the tihove scheme as follotvs: 

I. ( ilacial jicriod. 

1. Interglacial period. 

II. Glacial period. 

2. Interglacial i)eriod. 

III. Glacial period. 

a. Interglacial period. 

(«) Warm — ('lielleeii culture. 

( h I Cool — -Aclielleeu culture. 

IV. Glacial period : Jlousteriaii culture. 

Postglacial time. 

(u) Solutrean cidture. 

((<( Magdalenian culture. 

This new and more satisfactory chronology relatinir to the neo- 
iogically ancient man of central Europe is sustained also for the 
.Vlps by the recent discovery of a paleolithic station at tsantis (Can- 
ton St. (hdlen). The " AVildkirchli ” cave in this locality, at 1,500 
meters above the sea, shows intact (Motisterian industry. This deposit 
could have taken place only after the recession of the glaciers of the 
fourth (last) ice invasion. 
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PAltT FIRST. — DISCOVERIES IX At'STRIA-IIUXOARY. 

The first part of this report will be devoted to the ancient osteo- 
logical discoveries made in Austria-Hungary. The quaternary arch- 
eological deposits of this country are divided into two large groups, 
namely, those which occur in the loess that covers a great portion of 
the surface of the Emiiire. and those which are found in caves. The 
hitter are again divided into two classes, one. the more ancient, 
lielono'ing to the lower layers of the cavern deposits and character- 
ized liy only the lower-paleolithic implements of a very primitive 
nature — the other distinguished by the presence of flint implements 
of definite and much varied forms as well as by bone implements, 
and belonging to the more recent Magdalenian culture. The industry 
represented in the loess finds is typically Solutrean and belongs 
chronologically between the two of the caves. This fact has been 
established by stratigraphic observations, particularly in western 
Eurojie, and is supported by the clear sejiaration between the objects 
of till' cave and the loess finds, even whore such deposits e.xisted in 
imiiK'diate vicinity. 

The old-paleolitliic stations of Austria-Hungary show especially 
implements of atypical forms, with which are mixed comparatively 
few Mousterian varieties. 

-Vccording to the writ«‘r's new chronological table the sites of 
quaternary man in Austria-Himgary, which liave yielded with other 
objects remains of the human >keleton. range as follows: 

III. Olacial iiei’idd. 

:i. I atei'srlacial jierioil. 

{(() Wanii — Krapiiia (UroatiaL 

( h) Ci>ol — Sipka ( Moravia I : possibly also somewliat later. 

IV. Cilacial period. 

Postiilacial time. 

id) Last loess jiliase ( Sohitreaii ) — W’illeiKlorf (Lower 
Austria t Prediiiost : Brno ( Briinn ) (Moravia I. 

(M JIafrdaleiiian culture — (Judenushoehle (Lower .\us- 
tria ) . 

Lour (T,autsrh), I.iehenstein rave (IMoravia). 

I. — Ilunnui rtmauix, xiifehj quaternu nj. 

Archeological remains of the quaternarv man are frequent, those of 
skeletal nature are rare. I shall give the discoveries belonging to this 
category of the finds in their chronological order. 

Tin: c.vvE OF sifk.v." 

In northern Moravia, lo kilometers east of Novy Jicin, is the 
jurassic mountain Kotouc. This mountain, which is visible from afar 

«('li. Maska: ilittlirilungen d. Anthrop. (Trsellsrli. in tVein, 1882, ji. 67. Also: 
T)ei ililuviale Mriisi'h in IMahren. Xovy Jirin (XeutiDchein), 1886, p. 67 (with 
onr figure of the jaw). 
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and 2 )rosents a flat summit and ^toep precipice-^, contains nnmerous 
caves, the most spacious of which on the north is called Sipka. Up 
to the time of the explorations of Karel Maska this cave consisted 
of a simple room ‘.i meters lon_<>-, ('> to Id meters l)roa<l. and 1.50 to 2.50 
meters high, the rear being completely filled with large pieces of 
calcareous debris. The I'csearchcs of iVIaska show that this debris 
was the result of caving in of parts of the roof dating from the end 
of the quaternary period, and that behind the mass of fallen rock 
the cavern ran 55 meters more into the mountain, ddip following 
account of this station is based on the publications of Ma.ska and 
])ersoual Iiiformatiou in the autumu of 1002; 

Sipka is divided into three parts — an anterior portion already 
mentioned; a middle portion. 0 to 12 meters broad and 10 meters long, 
tilled up to Alaska's excavations with pieces of the fallen roof, and 
a posterior jmrtion lahind tlu' great j)ieccs of rock', about 30 meters 
long and ending in a narrow tissuri'. which ])reveuts farther advance. 
In the left side of this last portion i' a narrow and low lateral cham- 
ber, known as the " badger-hole," which runs 15 meters and opens on 
the outsid(' of the mountain. Explorations in this compartment have 
shown that it aUo was closed before the end of th(‘ (iiiatc'rnary. 

The deposits found in the cave and their stratigraphic relations 
wer(' as follows; 

i'tire Slplwi. 


Anterior inii i j.art, 

on Modern dopo'-iis Uiived-iii k 

(’.ne Ittaiii fyelluwi'li su ■//' 

Itrowii I. Arc'hi'o- 
loi^ical reia.uu^' 
scarce 

(rl) (tray layer, uithtireli' , .'^aine tiv (, 7 , 
oologieal rc-nniin-. ■ 

( inferior pal 00 - j 
lithic). 1 

(t.'t Uriiy layer, 'without Saino a*s i/-;, 
tracer of man. : 

Ul) tJreenish layer. T1 p‘ Same hs i r/i, 
principal rc-iiostitory ' 
of archcoloo-ic^i 
<;peciiiien«. i 

(f) tlray and greoni'.U ' ^i.iitic t/ . 
saiitl. 


In .<> t«‘rit»r , Radtr'T hole. 

Itiaiii .\r« hool.fg- 
h ttl n Hi. till'' I 

.•^aiiif tis { i-i 


Same as t.'i. tlol’O'tt 
iiKae 

S.iuu* as , 1 ji\ rr outre Art heol^ucal depo^^it ( iii- 
hritwnish. feiior paleolithic 

>and and riiblash S.tnd and rtibbish. 


As high np as layer t7A the (piaternary fauna was intact, showing 
no mi.xturc with tin* modern. Layer (A) shf)wcd. in the anterior 
portion of th(‘ caves remnants of litt nq}j{'v tariiml ns, pr'ilni- 

f/enins. and RJi'iunriros f iiliorhi n ns, with t'vo fireplace's ami some 
flint chips. In the mieldle compartment this layer yielded bones of 
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2Ijj(')(]ci^ toi qunfii-^. T^atiopiix alhns ami (iJpnnis, Larpninj-s pHisilJu-^. and 
p€ /‘I/I oph/I im /'iifi'-'ifi III', d Im same arctic-al[)iiic fauna "was ab.sociated 
in the jiuntenor chamber with a 'well-niarked ai'eheoloE'ical deposit 
shoATin" several fireplaces and yieldiii" hint implements of the superior 
jialeolithic type. Layer (/I) inclosed the EJ/pIi//.^ pi‘//iii(/(iitiis. EIil- 
no/ei-i)// i/vliiii-luiiiii/. and a predominance of E/j^mn^ iuhidlii><. Avhereas 
liiiii <i'ifc/‘ tiii'iiiiih/K was jui^'ing'. Areheoloii'ical speciineiis W('re numer- 
ous. esjieciallv in the inferior ])art< of thi". layer, and consisted of 
ciaide, atypical implements, made mostly from quartzite. Layer (cd) 
consisted in its superior portion of a mass <'ontaining numerous rem- 
nants of carnivores; it was 0..') meter in thickness and showed no 
traces of the presence of man. Layer (d). inclosing the principal 
archeological deposit, contained also arctic-alpine fauna, includ- 
ing Gido //l/|■< ii/i.s, J/yodc.s- fin-qiKifi/s, Rii/ii/ifcr tuvii iiihiii. Ciipi Uii 
/■u pi/u pi'll . (iipi'ii (Iln,/'.^). Anti/iliijx sp., Iih/ Ill/Cl! /‘OS f'lrliol'h'i u UK, 
Eh'phuK p/'i III hj! n i ilK. T |■■'>lls spi'hi u.K, ISn.K pi'iiiiiijeniilK. EijiniK fiihiil- 
luK. The im])lements, about 3.000 in number, are with few excep- 
tions only fornd(‘ss. rudimentary, ((iiartzite spall- ; they wc're dis- 
seminatt‘d through and about the fireplaces and wei'e mixed with 
calclmal Ixmes. 

A piece of human lower jaw was discovered at the side of a fire- 
place situated at the point when* tlu' middle jmrtion of the cave 
ends and tlie hiiihpi' Jn/h' commences. TIk' fragment was in later 
id), at the depth of I.-IO meter-, near tlu' lateral wall, and lav in 
ashes, q'lie middle jmrtion of the lione is alone jirescrved; it con- 
tains three incisors, the two right bicu-])ids. and one right molar. 
The inci-ors are worn oil to the cement. The bone shows that it had 
been subjeetial to the heat of aslu's, if udi directly to fire. Its color 
is identical with that of the animal l»ones found near by and in 
undisturbed dejtosits. 

There i- no doubt that this lower jaw Itclongs f,) the layer in which 
it was found, and (hat it is the mo-t aiicimit human bone from the 
quaternary period in Austi-ia. 

Tim iiia’osiis or kkapixa. 

The human remains found by ( rorjanovic-Kramberger in the 
quaternary, diluvial de])o-its near Krapina. in Croatia, consisted of 
the fragments of 10 or Id skulls, a large number of teeth, and many 
mor(> or less defective other parts of the skeleton. They were in 
undisturbi'd layers, and Avith them Avere bones of a hot climate fauna 
{ It liiiior/ ruK Mriil,‘i). as Avell as a quantity of typical IMousterian 
iiujilements. .^omc id' the jiieces of human bone- are calcined; in 
general they are in a bad state of preservation. 
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IHK STATION OP WILLENfM^KF, T.ONVER AI’STRfA. 

Willendorf a village on the Oaimbe. twelve lioiu>' journey up 
the river from Vienna. Traces of paleolithic man were hiscov- 
(•red in the loess deposits to the east of the village as the eai'th was 
heing removed for making brick. 

The archeologically important layer, preserved in part to this day. 
extends like a dark ribbon in the yellowish loess at the dejith of about 
4 meters below the actual stn-face of the soil. It is separable into 
thre(‘ strata, of which the lowest is the richest in human remains. In 
this horizon were found thousands of flint implements, which showed 
all the types of the supei'ior paleolithic culture, with two excep- 
tions. It also yielded some points of horn and hone, d'he objects 
showing man's woi'k were scattered al)out a v(>ry extended group of 
fireplac(‘s. 

The cotemj)orary fauna is typical of tin* loc'S. consisting of Eh’plitix 

j>rnni(Jt mn.s, /i Imi orr/'i/s t n /lai h i n ns. /ios ju'istiis. liiiiKlifi /' f ' ' rnmJ ns, 
('npi'n l/jc.c. Ei/nnx cnlnif/ns. etc. 'I’his deposit furnished thus far, 
according to J. N. Woldfich. hut a single human hone, a fragment of 
a femur. 

TUB sT.M'IilN <il' I’UKIIMOST, IN .MOHAVIA. 

In the middle of the large alluvial ])lain of the .stream Bi.vra and 
about 3 kilometers east of the city Pferov is a villagi^ known a.s Pfed- 
most. and lU'ar hy is a rocky elevation called Tlradislco. The base 
of this is surrounded with thick layers of gravel and fluvial sands, on 
which rc't '20 meters of loess. At the depth of 2 to ■') meters below 
the surface of this, Waiikel, Ala.ska, and Kfiz di.scovered twenty 
yi'ai’s ago the remains of a vast human settlement dating from the 
ejioch of the steiipc'. which belonged to the extreme end of the last 
inlerglaciary jieriod. The fauna of this station approaidies already 
that of the last glacial jieriod. 

It is certain that man lived at Pfedmo.st contei iporaneously with 
the mammoth. The bones of tln-se animals are found not only below 
and at the same levels with the reinaius of man. but also above them. 

The explorations at Prediuost have been carried on in a thorough 
and scientilic manner. The fauna iliscovered is composed of I'rlts 
Sjiilnn, llipf'iin speln-n, ('niiis Inijiipus. (inln hornitlis, Mipnlrs ioripin- 
fns. h I pjins prhii nji' n / ns. lilt t not'cros f tcJtfn'ln ns. Bus prtnt njv n tn s and 
pnscns, ( nprn ihc.r. (/riln/s most lint ns. RniKilfer fni'iiiidns. ('nni'iis 
<'J(/j/Jins. ('(•/‘rns nhcs, Lipins ii(Jni//ns. and other less typical species, 
1 he mammoth is extraordinarily abundant, the bones of at least MOO 
or iiOO individuals having been discovered. Andieological specimens 
were found in large nmnbei's. The nuniber of flint inijilements e.x- 
ceeds 2.i.00(): they r('[)resent very divi'i'-e and often bi'autiful t\'|)('s 
of the su|)ei’ior paleolithic culture. '1 he collection of objects fi'om 
bone, ivory, and reindeer horn is aho rich, and includes a series of 
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real objects of art. approacliinjr closely the chefs-(r(CUYre of the 
glyj)tie period in France. Tt is regrettable that a thorough descrip- 
tion of these collections is still wanting. 

The great scientific value of the Predmost finds is augmented hi' 
the discoveries of human bones. Wankel found a portion of a human 
lower jaw. belonging apparently to an adult female. It is preserved 
in the museum in Olomouc. and is undoubtedly of (piaternary age. 
It is figured by Wankel in the Casopis Muscjin Spolecnosti. Olomouc. 
1S84. page 96. and by Maska in his Der diluviale Mensch in Maehren, 
1886, page 103. Besides this, Kfii, in his most recent publication 
( Beitrage znr Kenntniss des Qiiartaers in Waehren, 1903. p]i. 236- 
268. with figures) describes a series of human sladetal remains from 
the Predmost excavations, found by himself, and including a skull 
of a l2-year-old child. 2 fragments of lower jaws from young sub- 
jects. IS pieces of skidls. 2 humeri. 2 ulna', a portion of a radius, and 
]iarts of 2 femurs; in all. the remains of about (> individuals. In 
front of the skull of the child are still fixed some bones and teeth of 
the blue fox. The conscientious methods of Kflz permit of no doubt 
that all these bones belong to the undisturbed (juaternary layers 
which have yielded the numerous archeological specimens. 

The discoveries of human bones by Maska at Predmost have not 
yet I)eeu published in detail. From personal information which the 
writer obtained from him, Maska found a sepulchre containing 14 
comj)lete skeletons and the remains of 6 other individuals. Ten skulls, 
of which 6 belonged to adults and 4 to adolescents, are completely 
restored. They ai-e dolichocephalic, and those of males have well- 
developed su])raorbltal arches. The length of the femurs shows that 
the people were of tall stature. Hradisko furnished also some geo- 
logically recent burials, but the bones discovered bv Maska are sepa- 
rated from all of these by })lain stratigrajthic evidence. The ([ualer- 
iiarv archeological dejtosits lay above these skeletal remains, which 
were found in general beneath those of a mure recent origin. There 
were also ditl'erent coloration of the bones and ditferent modes of 
burial. According to Ma.ska’s records, the bodies in the quarternaiy 
burials were conqtletely surrounded with a wall of stones, a usage 
practiced to this day by arctit; jteoples. Xevertheless the bones of 
blue foxes and of wolves show that these animals succeeded in gain- 
ing approach to the human bodies and in destroying some jiarts of 
them. This explains also the isolated tinds of Wankel and Kfiz. 
Nothing was found buried with the skeletons. One of the iiulivid- 
uals, a child, had about its neck a collar made of 14 small ivory 
pearls, looking like those which have het'n recovered in tin* middle 
or Solid rean layer at Sjiy. 

The stratigra]diic eviilence shows incontestably that there was at 
Predmost an intentional .sepulcher, dating very probably to an epoch 
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iUitcriol- to tli(' j)ri)K’i|);il quaterimry station of man. for the archeo- 
logical stratinii above the burials sho’wed no sign of clisturlwnce. 

SKEi.KTOx OF rat.Ni) (ia:i'.\A'i iroitAViA. 

In 1?01 a human skeleton was found at the depth of 4] meters in 
the loes'. ill Tlrno. the capital of Moravia. The surroundings had 
furnished, befoi'e that, bones of (piaternary animals and cut dint 
implements. According to the pnhlication.s of A. iMakovsky." who 
was calleil to the locality immediately after the discovery of the 
human bones, a tii'k with a siionlder blade of a mammoth lay over, 
and some ribs of a rhinoc(>ros not far from, the skeleton. The latter, 
partly destroyed in the ('xca\ation. -bowed profuse decoration. 
There weiv gatheri'd about it mori' than (itX) jiieces of the Dentalinm 
baden-e, which sc'rved as a collar or a breast plate; great dat lime- 
stone di^ks with central ])('rforation : ■'> small, Jlat disks with incised 
marginal decorations: b other disks made from the ribs of the rhi- 
noem'os or the mammoth, also 3 disks cut from the molars of the 
latter animal, and “> of ivory: dually there was a masculine dgnre or 
•• idol." 3.') cm. high, made of ivoiw. 'J’he skull was much damagecl 
by the workingimm. It is extremely doIichoc(“])halic. (Figured in 
Makovsky's Der iMensch der Dilnvialzeit, pis. viii and ix.) 

The report of Makovsky proves clearly that the skeleton was found 
in situ in an undi.sturbcd layer. Besides this, the Maska c<.)llee- 
tion from Pfedmost contains several stone disks idtmtical in char- 
acter with thos(' of the Brno burial, which ])oints to the fact that 
both linds belonged t(j the -ame jjeriod. Other facts, notably the 
]n'es(>nce of the ivory " idol." range the Brno dud with the "glyptic " 
epoch of the mammoth hunters and would inak(‘ its incorjtoratiou 
into any other period very dillicult. 

4'he Brno skadeton and a few obj(>cts found neai‘ it present, besides 
other features, an intense laal coloration. (Makovsky regarded this 
coloration as iuconte-tably artilicial. and t'irchow expres-ed the o^jin- 
ion. basecl on the-e <lata. that such coloration could b(> ju'odticed only 
after the bones lun'e become devoid of llesh. wherefore it is necessary 
in this ca-e to supiiose a secondary burial. As a similar feature 
was sev(‘ral time's observed Avith skeletons from the neolithic period, 
the Brno bones aBo were attributed to this epoch. In IbUd I had 
occasion to examine the skeleton jme-erved in the Brno ]wlvtechnic 
school, and it was still pos-ibh' to see sample's of the' hee-ss which had 
siirrounele'el the' benics. Afte-r an e*xaniinatie)n eif the Avheele, I e'ame to 
the' ceene-hisiein that the' e'eiherat iem etf the' beme's and neiifhbeiriner 

" Vlittlicil. Aniliviiii. e;.'s.'lisi-li. ill Wein. XXIl. I.S'.IJ, 7:!: A'ci'liaiiillc. d. Rcrl. 
ea-ssclKrti r. Amlii-up., cle-.. Zcitse-tir. 1‘. Etlmeil., IS'.IS. i;:!; Her Atciiscli ilei- 
Kiluvialzeit Maiu'ciis. I'.riiuii. 1N!)9. 
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objects was not iiitentLonul. Tlie skull is colored in ixirt only, and 
what is red shows iniich irreefularity in the quantity of the pip-ment ; 
and the same is true of the other jiarts of the skeleton, the hirpe disks, 
some of the smaller ones, and of the Itenlaliuiii. This intense red 
was also communicated to the bones of animals and the teeth of a 
horse which lay near the body, and on these the coloration presiuits 
similar irregularities as that on the human bones. The examples of 
loess from next to the laxly contain a larpt' number of red prains and 
shoAV irrepular ])atclies of coloration. This last fact is texplicable 
only on the hyjjotlu'sis that red pipment. wliiifi does not exi^t natur- 
ally in the loess. Avas throAvn ala)ut the otherAA’i^e hiphly-decorated 
body. The prains of pipmeiit remained intact in the loess, but they 
disint(‘prated oaci' the !)ones aiul otlu'r ol)jects and imparted to these 
the rial c()loratioii." This demonstrates al-o that in the case of the 
Tlriio skeleton aac Inne to deal Avith a ()uaternary. intentional burial, 
of a nature knoAvn from several other localities in central and 
Avo.steru Europe. 

im-. i.i i>i..M su(n.iii.i.. 

The Gudentis caA'ern is situated pp kilometers nortliAvest of the city 
of Krems, in th(‘ Aalley of tlu' Eittle Kiamus. not far from ’^^'illendorf. 
ill LoAver Austria. The cave is pp meti'rs lonp by P to -'I meters in 
breadth and is situated 7.') meters above the level of the stream. 
The deposits sIioavasI on exploration a- folloAVs: 

( e ) Layer of recent rul.lnsh. <: <-iii. 

(.t)l A (luaternary iirelieeleaical <leiH>sit. tliieUest iiil'roiitol: the entrance 
and in tlx- snntliern jiart of tlic cave. P,S cm. 

(ct Cave loam, n cm. 

(<l) Cave loam, with ninn.v tmhroken hones of anhual.-,, Pd em. 
t/l Sand eontainina no sueeiniens. iTi cm. 

{ (/) Clay, witli rabhisli, PP <-ni. 

( It ) Bed rock. 

The archeolopical deposit containml about l.POO implements made 
of flint and numerous utensils of bone and horn of the reindeer period 
or Mapdalenian types. The fauna of tin* same layer was that of the 
arctic-alpine climate (^Eh phax prnitUji'nnix. lilt iitticci'tix f n Itttflt ht ttx. 
Box priiii'ujoniitx. ViijuJld ruhh-npru . lltiiKjifir tii/'O/id i/x. Boffiix 
chipJiiix, etc.). Accordinp to Woldfich this deposit yielded also a 
tooth of an infant. 

THE rireiiTEXsiia.x c.avl. 

About PU meters Avest of the. cave knoAvn as BockoA'a-di'ra, Avhich 
Avill be dealt Avith lati'r on (see ]a. dsT ), in estaldishinp a stone quarrv. 
a party of Avorkmen in 1!I0P came across a rock sheltm-, the roof of 


".See in this c. iniieetieii A. tlidlieka. “The uaintin” uf liunuiu b'lm- aiiion.c 
the Amerieun Aburigiues." Smithsoui.iu Keijort fur IhOT. up. tJUT-GlT, I’ls. I-Ill, 
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which had in ancient times cavetl in. There was no connection 
between this shelter and the cave Bockova -di'ra. The caved-in rocks 
lay on diluvial loam. On the 22d of iMarch. 190d, the workingmen 
found human hones in a nook of the shelter and its side wall. These 
lay in the loam and were for the most part crushed. Among the 
]iarts l)etter preserved is a calvarium of an adult. A skull of an 
adult ami one of a youiig subject, whi('h lay a little to one side and 
deeper, are almost wholly shattered. Besides the preceding the exca- 
vation yielded a lower jaw. idna. humerus, radii, jiarts of the pelvic 
bones, a feniiu'. tibia, clavicles, vertebra', and pieces of ribs. Of 
animal bones the same layer showed, according to Knie.s and iMaska, 
those of Cnni'! riilj/r!>. C'uii/s ]af/iipiix, C'/tii/s Ui’xus xj/c/nux, 

L<pHx I'aiiabiUx. Lii<jo)injx puxiUnx^ Raiuiifer tannuhix^ Cen'ux (ilcex^ 
and Ihtx jirixrtix. A further fact of importance is the recovery with 
the bones (which are preservt'd partly in the iMuseum in I'sov, near 
Oloinouc and 2 tartly in tin* Knii's collection) of sei’cral im 2 )lenients 
of stone and reindeer antlers, which are evidently of diluvial origin. 
In the absence' of anything of archeological nature of a more I'ecent 
age we have to agree with the opinion of iMa.ska that the find consists 
of a tri])l(' bui'ial. nhich dates, most ])robal)ly. from tlie time of the 
iMagdaleniau cidture. 

TI.— A rfniicoiix. <! on htf III , or iiixirffh u nt t ml loiif lonx. 

Tin' (liscoverie.■^ dealt with in this chaiiter can not be included 
among those "urely (luaternary; they have either lieen thus designated 
through error, or it is ini])Os>ible to determine their exact age on 
account of iiisutlicient stratigraphic data, while in a few cases it is 
iinpo-sible to judge of the value of the indications given about dis- 
coveries made long time ago. 

(a) FINDS 3IADE IN liOllE.MIA. 

Iliniiiiii rrnHiiii,'! of ZiKliiricc. 

riie lime'tone crevices which are foiiml on the right side of the 
1 ‘iver \ olifika, near the village Zuzlavice, have been exjilored by the 
well-known jialeontologist, J. A. Woldfich. According to the pub- 
li^hed account-^ of this ob'-erver there were collected in two of these 
clefts and in the ([uaternary loam which covers the slojie and the base 
of the rocks more than !).000 fragments of bones and about 13,000 
ti'eth of (|uaternarv animals, rejircsenting some 170 sjiecies, and with 
these bones wei'e recovered I.IO imjilements of stone. 200 of bone, 
about 100 tiieces of broken and in some instances worked bones, and 
linallv a (jiiantity of jiieces of a human skull. These fragments weie 
.it the base of the rocks in a fossa, and near thi'in were found broken 
bones of a rhinoceros, as cvell as the remains of a fireidace. 
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The supposed im])lemeiits of stone and l)one. all of aaIhcIi I -liave 
earefnlly examined, are not hevond doubt the work of man. The for- 
mer ar(' without exception fragments of (piartzite, limestone contain- 
ing quartz, and pure (piartz. and reseiiihle the fragments Avhich are 
protluced naturally Avithin caA'es of this nature AA ithout the interA'eii- 
tion of man. In a similar AA'ay, theiv is not one of the bone objects 
Avhich could not be attributed to natural l)reaks and rubl>ing. The 
]>resence of a lireplace and of human bones in [iroxiniity Avith tho^e 
of a rhinoceros at the foot of the rocks do not justify any far-reach- 
ing conclusion. They may haAC fallen Avith the talus from the plain 
aboA-e. 

THE HIM OVEKIES AT JICJN'. 

ScA’eral decades ago I>. .'schneider collected a great (piantity of 
animal bones in liAe small caves situated in the slojtes of the elevation 
known as Prachove, not far from the city of Jicin. These Avere sent 
to Woldfich, Avho reached the belief that ti part of the bones showed 
the Avork of man. They res(>mbh> some from Znzlavice. Avhich are 
believed to have been Avorked. ConchisiA'e proofs of the presence of 
man. such as fireplaces and real stone implements, are absolutely 
Avanting: and I am not able to utilizt' a publication concerning 
some human bones sent to Woldficli from these caves at that same 
time, for the note contains no stratigraphic information. 

1111, C AVE el I'llOKori. -NKAlt Jl.NONICE. 

In bSSS K. F.benhoech sent to Woldfich animal remains from a 
cave situated near Praha (Prague) and at that time demolished. 
Woldfich saAV among the.se again a series of primitive implements, 
Avhich 1 can not admit. 

d'ho same deposit Avas e.xamined a little later by J. Kofenskv, Avho 
discoA’ered the ri'inains of iaines of KlcplidH I! hinoffroa 

fh liorlundK. llijdiii/ xjx lnd. Rdiii/ift r ttirdidhix, and other species, 
Avith some fragments of a human skull, all cementevl in a form of 
breccia. IvofenskA' did not believe this breccia to be very ancient, 
but Woldfich, basing his opinion on the same data, thought that the 
formation should be relegated to the diluvial epoch of the quater- 
nary. I partake of the opinion of Ivofensky. The human remains, 
mixed Avitli animal bones. Avere found in a cleft in the rock, and 
it is impossible to be sure of hoAV they came there. They may 
haA’e reached the cleft already dissociated, and the travertin Avhich 
cementeAl the bones may have formed much later. 

Tin; SKCLI. Ol AIO.ST (llKCXI. 

The .M ost skull Avas found, accortling' to W oldfich, Avith some 
fragments of human bones and a A’cry handsome neolithic ax in 
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(|uat(T'iiiU y >an(l. According to niiiic ivarden It. Pfeifer, the ax lay 
uiieleriieatli -2 feet of Mirfacc' loam and 11 feet of the quaternary sand, 
^\hel■ea^ the slieleton to which the Most skidl belonged was 2 feet 
lower. The explorations of the localiP' hi' M'oodfich have shown the 
sand to he modern. If greater antiquity were assigned to the bones, 
then it wuidd have to be accepted that they were carried from th<! 
(juaternary loe.'s into the sand. Lu^chan. who studied the (piestion. 
arriied at no conclusion. The subject of the antiquity of the skull 
remains undecided. 


THE PODBABA SKULL. 

Podlialni is a well-known locality near I’raha (Prague). From 
tinu' to time excavations in this ]))ace for commercial pur])oses I’e- 
I’caled recent or jirehistoric l)urials. During the winter of ISSS the 
brick makers of Po))dal)a brought several times to Prof. A. Fric, in 
I’raha. bones of the reindeer, mammoth, and rhinoceros, and one 
day a ]hece of human skull. Immediately steps were taken to ascer- 
tain exactly where this came from, hut Profes.sor Fri6 could simply 
e-tablish tlu' fact that the specimen was found in a layer of undis- 
turbed brick earth, at the depth of 2 metiTs below the surface loam. 

tiranting- that the information given by the workmen was correct, 
it is. in the writer's ojunion, not yet provt'd that the skull belongs to 
the ](R'ss formation, for posterior dislocations and cavings-in are very 
fre([uenl in this deposit. 

TUi: I.IBKN 

According to [)ersonal information by Dr. J. Ilabor. the calvarium 
in (piestion came from the loess deposits in Libch, the eighth ward 
of Praha, and was found in the loess immediately abo\'e the under- 
lying silurian formation. In the brickyards of this ward discoveries 
of quaternary animal liones (liitni/ifi r tu fund A fntoni ^|■'s inunnuttn. 
IIijiiii'i .spelnn. etc.) are quite fivipient. In the immediate vicinity 
of tlu' Libeii skull, but at a higher level, were, it is said, pieces of 
other skulls and fragments of pottery. Ao specialist examined these 
linds, and their stratigraphic conditions were never thoroughly 
iiapiired into. The fragment was taken by a physician who was in 
no way a geologist. From him it was several years afterwards 
secured by Doctor Pabor. but by that time a thorough examination 
into the subject had become impossilihc 

TIIF "KriX I'F vTUIIHtM KoVICi:. 

The news of the discovery of a human skull at Podhaha recalled to 
a certain jiroprietor of Jemnik an analogous jind made five vears 
before in a separate locality. As far as could be learned, this other 
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skull wiis dug’ out in a brickyard near the .settlement of Stfebocho- 
vice and lay '1 meter> deep in the loess, with some bones of a rlii- 
uoeeros. Professor Frie came to the conclusion that the appearance 
of the skull is not in favor of great antiquity, nevertheless, he reports 
it with that of Podbaba. The writer can only say that there are no 
reliable data by which to fix the inhumation of the skull in the loess 
deposit. 

(h) Finds in Moravia. 

DISCOVEIilES IN THE VICINITY OF BRNO, CEKVEN.i IIOKA, .SL \PANICE, lU'.SOVICE. 

The finds of apparently ancient human remains in several other 
places in the vicinity of Brno besides that described under authentic 
discoveries, has given rise to a lively scientific controversy. Makovsky 
lielievcd himself justified in regarding these as quaternary stations of 
man. Tie published his \-iews for the tir^t time in 1.^87. lint this was 
subjected in ISSh to a .se\ ere criticism by IMa^ka. In his response 
which appeared in the same year, Makovskv maintains his opinions, 
llis notions concerning the quaternary of Moravia aiT‘ resumed in the 
Bruenner Festschrift of 18!n). and the writi'r's remarks are based 
principally on this publication. 

At Cerveiiii Ilora, a little south of Brno, traces of (luaternary man 
were furnished to Makoi'sky by numerous shattered bones of the 
mammoth, rhinoceros, horse, etc., by traces of inci.sions oi' scraping on 
some of these pieces, and liy the evidence of the action of fire on some 
others. lie further cites a few implements of stone and bone, a 
bleached and perforated fragment of the fi-ontal bone of a horse, a 
portion of a Deiitalinni. and three jiieces of primitive pottery. 
Finally several human skeletons were e.xhumed from close pro.ximity 
to these objects. 

So far as the worked bones are concerned. I must declare that I 
have seen no piece in the collection of the jiolytechiiic school in Brno 
Avhich would be incontestably a manufactured iiutrunient or ivhose 
form and condition of pri'servation could not be explained by natural 
cau.ses. such as iiresNure. rubbing, gnawing iiy animals, etc. Layers 
of charcoal and bones incrusted with ashes exist, as Air. Alakov'sky 
mentions. Similar finds ivere made in many of the brickyards about 
Brno; Alaska equally athrms their existence. The writer himself has 
seen them at Brno and in the loi'.'.s at Krems (Lower Austria) : E. 
Schumacher encountered them in the loe.ss of Alsace. They occur, as 
here, at points where there is no other reason to affirm the jiresence of 
man. These phenomena are explainable by fires of the stepties, 
caused either by the ipiaternary man or by lightning. According to 
this hypothesis, we '-hould have to deal in these cases with fires other 
than those of human beings. I adopt this explanation on account 


sAi inoii- 
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of the aspect of the hones that are incru.-^ted with ashes. These bones 
sho\i' \'erv siiperticial and imiforni burns, ditfereiit from those obseri - 
able on bones from authentic quaternary stations of man (e. g.. those 
from Pfedmost). which are irregular and often exist only on the side 
exposed to the tire. The flint implements from Cervena Hora consist 
merely of two formless flakes: the piece of perforated frontal of a 
horse is no more than a fragment of bone damaged by the teeth of 
a hyena and later on perforated by insects. The fossil dentalia are 
not rare in iloravia. and the three jaisof pottery of which Makovsky 
speaks belong to the commencement of the neolithic period. 

The human bones at Cervena Hora were discovered by workmen in 
the absence of reliable witnesses. Makovsky learned of them only after 
the lapse of several months. Thei-e is nothing which would elefinitely 
connect these skeletons with the finds mentioned in the preceding 
section. 

The discovery at wSlapanice (about ,s kilometers southeast of Brno) 
consisted of a skeleton, the only part preserved being a portion of the 
lower jaw. Precise data are wanting. It is only known that the 
specimen van; extracted from among the Ixmos of (inaternary animals. 
Even this statement, however, lacks proper confirmation. AYhat is 
certain is that tlie whole country ofl'ers numerous prehistoric burials 
of a more recent age. the fossa* of which were dtig decj) t>notigh to 
penetrate into the layer which bears remains of (inaternary fattna. 

iMuch the same uncertainties exist about tin* skoh*ton found at 
Ilusovice, i kilometers north of Brno. Tin* bones were found by 
workmen at the de[)th of at least d nn*ters b(*h)\v tin* actual level of 
a sand]ht. It is impossible to give this find any approximate age. 
Doctor Koudelka. Avho rvas conct*rned in the discovery, is not himself 
willing to concede that it is <piat(*rnary. 

THE CA\E OF ICOSm.iK. 

This cave contained the remains of a rich quaternary fauna and 
A'arious products of tin* reind(*er culture, but no remains of the 
human body. A loiver jaiv of an infant was found underneath an 
artificial platform in front of the cave, but as it came from a dis- 
turbed layer its age can not. according to Ilochstetter and Szombathv. 
be determined. 


riiE COWER .lAW (jr ociioz (xroRAViAi. 

This anatomically inter(*sting spocinn*!! proc(*cds from a cai’c 
known as iSvtiduv .Sthl (Swede's Table), located in the Brno cave 
district in Moravia. This and the n(*i<>-hljoring cai'es vielded numer- 
ous bones of quaternary animals, but nothing is known of the rela- 
tion of these to the loAver jatv. For this and other reasons the 
specimen must be classed with those of doubtful antiquitv. 
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THE CAVE OF BYCISKALA. 

However precious may be other discoveries in this cave, located in 
the environs of Kiritin, there is no value to he attached to those of 
hiiiuan hones. Such hones have been recovered from dilferent parts 
of the cave, and a radius with a tibia was found lodged in a layer 
which contained (piateriiarv remains of archeological nature, while 
in the neighborhood of other remains were found bones of the cave 
bear. Xotwithstanding this, the antupiity of thc-se skeletal frag- 
ments of man is by no means e.stablished, which fact was recognized 
by the explorer of the cave. Doctor A^hudve!. himself. 

THE CAVE OF JACHVMKA. 

This cave consists of three portions or stories. In the middle 
portion, in a travertin breccia, were found in ISTC). according to 
Doctor Waidvcl. nuuuu'ous remains of (piaternary industry, such as 
chisels, pointed teetli. etc. In the superior portion were discovered, 
with other.s. bones of reindeer, horse, and !>rowji bear, with some flint 
knives and shards of pottery, as well as ashes aiul remains of man 
himself. The records of tliese tinds can no longer be veriliod, and 
I have searched in vain for the collection. 

CAVE JiOCKOVA J)iKA, XEAH LOIC. 

P'our and a half kilometers w(>st of the city of Litovel, in north- 
western Moravia and near the village of Lone, is encountered a vast 
comple.x of caves. The largest of these is called Boekova DIra, 
though the name has Ijeen changed to that of " the cave of Prince 
Jan." Some explorations were made in this cave as early as 1S2(>. 
Methodical examinations of the contents were undertaken in ISStJ 
by Ilochstetter and tizombathy and resulted in linding bones of 
(luaternary animals, jiarticularly Fcfia ■'ipt'lad, L risaa dpelun.s^ Equus 
cabalhix. Ranqifcr tdrandns and Elephox prhabichins. AVith these 
were recovered a few archeological specimens belonging to the 
Iveiiideer epoch culture. 

Besides the above, the explorers unearthed the skeletal remains 
of at least five human individuals, but it appears that these had no 
relation with the quaternary relics. Due of the .skulls was well pre- 
served, dolichocephalic in type, belonging to a male of about '20 
years of age. tSzombathy believes the human bones to be quaternary 
for the reastm that they were found with the bones of extinct species 
of animals and showed the same state of preservation. But if we 
take into account the fact that the human bones, a quantity of which 
had been discovered already in 182G, came from only 30 centimeters 
below the surface, that a piece of rotton cord was encountered in the 
same place, and that the debris of a human skull lay irregularly 
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iuuoiiji tliL‘ parts of a well-prosorveJ skok'toii of a roiiuleer. it is best 
to adhere to the opinion of ilaska. who bcdieves that the soil has 
been disturbed. A similar state of preservation in bones of man and 
(piateniary animals does not prove that they are of identical age, 
for fossilization and discoloration do not depend exclusively on the 
anthjuity of bones. l)nt also on the nature of the soil. Even the 
l)i'eccia sp(jken of l)y the authors can not be relied upon, for it can 
form at all times in caves that are humid constantly or periodically. 

Tin: CA\E or isaui .\ro\.c .skai.a. 

This cave is a jiortion of tlu* groiiji of caverns known as Sloup, 
to the southeast of tlu' iMoraA’ian village f)strov. It was explored 
originally by IVankel and Kfiz, without positive result. Subse- 
(piently J. Knies determlued the existence of four ([uaternary fire- 
Ijlaces and found about them I'SO flint inpilenients and d.f objects 
from worked bone or reindeer horn. The rich (piaternary fauna of 
the upper layers was that of the arctic-alpine climate. Mr. Knies 
wrote the author in llK)-2 that he jiossessed 4 jiieces of human lower 
jaws and 3 teelh from tin* quaternary dejiosit. and hence surely dilu- 
vial. In a later note, of IhO.I. lu‘ thought only one of the pieces and 
the three teeth to be of (luaternary origin. 

(r) OTHER DISCOVERIES IN AT. S TRIA- JIL NGARV. 

With the exception of the Gudenus-PToehle discovmw and that of 
Willeiidorf. no human bones were found thus far in Upper or Lower 
Austria which could lie considered as quaternary, and the same is 
true of the littoral of the Empire. 

in NOARY. 

Hungary itself has also thus far yielded no (|uaternarv remains of 
the human skeleton. 

At Barathegy were found bones of EJcpJias prhiihjrri’ni^ with frag- 
ments of jiottery. knife blades, poignards. and several human 
skulls. It is also reporteil that in a ca\e named ATindor human 
bones were found with those of the great stag, while 2 human skulls 
were exhumed in the cave Aagy-Sap. Regarding the two first- 
named discoveries. O. Herman pronounces himself with good reason 
against a ([Uaternary age of the human bones; thi' reports of these 
ex[>lorations show plainly that there must have been a mixture of 
ancient with more recent objects. Besides this the observations of 
the ('xplorers are insuflicimit and can not be utilized scientificallv. 
•Vs to the skulls from Xagy-Sap. it i' well established that they jiro- 
ceed from the loess; Luschan. and Hungarian scientists are never- 
theless of the opinion that it i- impossible to give a definite conclusion 



QUATERXAEY IlfMAX REMAINS IN CENTRAL EUROPE. 3 89 


t'oncerniiig these bones, for it is not established how and Avhen they 
became lodged in the loess. 

l'OL,\Nl>, 

THE ( AVE MASZYCKA. 

The cave iMaszycka is located in the ravine Ojcdw, on the right of 
the river Pradnik. It contained two archeological deposits, one 
neolithic and one jialeolithic. Tlie remains of 4 human skeletons 
taken fiom th(> cave wei’e always attributed by its explorers to the 
neolithic age. 

THE ( AVE OF WJEIJCIK (»l?OKZVSKO. 

This Tiarrow fissure is al>o situated near Ojcdw. Immediately at 
the entranci' P. ,1. CV.arnowski came in IhOi; upon a prehistoric fire- 
place. It was locati'd at the di'ptli of 70 centimeters and was inter- 
calated between the thirk surface loam and a yellow lower deposit of 
((tiaternarv age. .\bout the fireplace were nnmerons imjilements of 
flint, some utensils of bom*, and ntimerotts jiotsherds. portion of 
a human cranium lay at th(> margin of the fireplace, atid in the cra- 
nial cavity wi>re some decomposed shells of the llcll.r A 

quantity of these wert' also mixed with the ashes in the fireplace. 
The inferior, yellow layers contained bones of aidmals. but no traces 
of man or his handiwork, d'he indii-ations are that the archeological 
specimens and the human lioties are of the neolithic age. and not 
quaternary. 

SEUONU PART.— DISfOVHUIES MADE IN (tERM.VNY. 

In Germany quaternary statiotis are mttch rarer than in the neigh- 
boritig countries of Austria-Hungary or France, and may be ex- 
plained by the iHisition of the country between the two glacial cen- 
ters, that of the Aorth and that of the Alps. 

The stations of quaternary man otttsidi* of the caves are seldom 
found in the loess, in Avhich the country is jmor. but in other geolog- 
ical formatiotis. 

The human retnaiiis range theins(‘lves (dther with the old paleo- 
lithic. as at the station Taubach. the itidustrv of which is stirely pre- 
Moitsterian — or with the Sohitrean (finds in loess), ami iMagdalenian. 
They are chronologically as follows : 

III. <!laf i:il pei'idd. 

.'!. Iiiteri;la<'ial iioriod. 

( d ) tVanii idiasd — T.niliach, 

( h I Pliasc of file Stemios, 

IV. (tiacial jioraMl. 

Postiflacial tiiiio. 

Ill) Sohitroan. 

( ?) ) Magjaleiiiaii : Aiideniach on tlie Rhine. 
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I. Iltnnnn remoin.s .'mrely quaternary. 

THE .STATION AT TAT'BACH. 

Tlip finds of TiUibacli (near 'Weimar) are ivell knoivn. The base 
of the deposit at this locality was formed of gravel and sands, partly 
of glacial origin. Above this was a layer of tufas, having in its 
lower part remains of fauna contemporary with the Elepliur antiqiniK 
and Rhutort-ror Mrrtli. as ivell as an archeological deposit, with 
IMonsterian. for thi* most ]>art atypical implements, broken and burned 
bones, and fireplace^; while the npjier layers showed fauna of cold 
cl 1 male [Eli‘j)hii,s prniii</(iiiiix.R]ilno< rros ticliorh'in iir.Ran(/ifcr f an ni- 
dus) . but no traces of man. The uppermost stratum consisted of 
typical loess. 

A. Weis found in the archeological deposit, in a tooth of a 

child. Th(' s])ecimen lay at the depth of .'i.-ir) meters, and the authen- 
ticity of the find is beyond (piestion. The discovery of an adult 
human molar was |■eport('d as having bemi made in the same layer, 
but the spi'cimen was obtained by a workingman in the absence of 
scientific explorers. Tin* writer would not dare to consider this tooth 
as of quaternary origin, particularly in view (A’ the fact that frauds 
have been committed at this .station sinc(‘ the commencement of its 
exploration. As scientific men manifested a great desire foi’ human 
bones, it was not long lad’ore some om' prodiUTul a whoh' skull, which 
was deelaiT'd l)y Virchow to proceial in all jirobaliility from some neo- 
lithic burial of the region and l>y no means from the quaternarv 
deposits. Xeolithic llints have also been sold at this place to ama- 
teiu’s for truly paleolithic. 

Tin; DEPOSIT or AXDiaiXAcn. 

The station of Andernach is located about 20 kilometers north of 
Coblenz, on a terrace elevated 30 mi'ters above the actmd niveau of 
the Uhine. The archeological deposit was found in a layer of loam 
which coveied an ancient and partly disintegrated Ilow of lava. The 
quartzite implements recovered show tyjjes such as are known from 
rhe iqiper paleolithic. With the stone objects were found numerous 

])oints — chisels, needles, and harpoons of bone and reindeer horn 

some of which were decorated. The fauna was compos(>d of Eqnas 
cahal] ns. Ranyifi r tarandns. Bos priintyi nins. Cains laiiopns. ('errns 
ilaphns, Lnyapns aJhas, L( pus rarich 'dis, etc. Vhth the archeolo<>'i- 
cal obji'cts were discovered aCo two incisors of a child and seven 
jiieces of human ribs. Their ipiaternarv age is established hevond 
a doulit. The whole deposit was as if sealed up by the products of a 
].osterior eriqition of immice stone; this layer was o to G meters in 
depth and covered with vegetal earth. 
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Tlie finds made at Andernach arc preserved in the Provincial 
Museum at Bonn. 

Erroneous, LlorETFri.. or Indefinite Observations. 

Ini BAVARIA. 

HUMAN REMAINS OF THE ■* R.U’nERIIOEHI.E." NEAR RATSIBONE. 

This cave is situated in tlie valley of the Xab. at about S kilometers 
west of Patisbon. It was e.xplored in 1S71 by O. Fiaas, Ch. de 
Zittel. and F. de Guembeh who encountered in it a neolithic deposit 
with recent fauna, but on a lower level came across a (piaternary 
stratum with remains of Ilyniui spcJed, i'rsus spcldun. Eunyifcr 
tarn iKhiti, etc. There were sio;ns that the earth had been disturbed, 
for bones of quaternary mammals were found in the recent deposit, 
and vice veisa. The writei' has not been aide to find the rare quater- 
nary implements of bone or reindeer horn mentioned by Zittel. and 
all that he could see of the Hint objects were atypical flakes with rela- 
tively fresh color and fracture. Under these conditions he can not 
admit tlie existence of a paleidithic station in the cave in question. 
IVhatever tlu' facts may Iml however, it is wholly impossible, in view 
of the disturbed condition of the deposits, to a'^siiiu any definite age 
to fragments of a human skull exhumed with the other objects in this 
locality. 

CAVE (IF (lAII.ENRKCTlI — CAVE OF OFNET. 

The data concerning the specimens found in the.se caves are in 
neither case satisfactory, and it is iiei'essarv to ]>lace both finds among 
those of uncertain ag<>. 

I7i1 WI'RTF.MBERO. 

Ancient reports mention a human skull exhumed in 1R33 in the 
“ Scliiherhoehle. near M ittlingen. and a second one discovered in 
18.14 in the " Frptinger. or ■' Ivarls-TIoehle. ' There ai'o no paleon- 
tological or stratigrajihical data concerning these caves. Another 
cave, known us " Flejjpenloch,' near Gutenberg, yielded remains of 
a human skeleton belonging, according to all indications, to the 
neolithic age; while a skeleton discovered in the " Bocksteinhoehle,"’ 
not far from Bissingen, and belieA’cd by some to be of quaternary 
origin, has been shown to be that of a suicide, buried in the cave in 
1 i-ib. A human femur has been di.scovered in a cave named " Ilohle- 
fels." near Schelklingen. in the valley of the Ach. and the same cave 
yielded bones of quaternary mammals, but it is not certain that the 
liuinaii specimen came from undisturbed quaternarv dejiosit, and 
hence its age must remain uncei’tain. 
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Tin; sKUix or oaaxstatt. 

The derivation of the •' skull of Caimstatt " (near Stuttgart) is 
wholly obscure. In 1700 Duke Eberhurd-Louis of 'Wurtemberg 
caused explorations to be made in an oppiduin near Cannstatt. which 
resulted in the discovery of many objects of Eoman origin. At the 
base of the deposits were encotintered bones of (|iiaternary mammals, 
])articularly Elvi>lutx prlinUieiibiK. and Ilndnid upclwa. 

These liones were transportial to the Cabinet of Xatiiral History at 
Stuttgart, where they excited tin' highest interest and became the 
object of a series of publications. Dr. Solomon Tlessel. aulic physi- 
cian and a good osteologist, wrote the first report of the explorations 
(published in the year of the discovery), and in this he insists on the 
com]iletc absence of th(‘ remains of man, which he searched for with 
care. The second scientific man who speaks of the C’annstatt finds, 
Doctor Sjdeissius. declares eiiually that no human bone has been 
recovered. Nor are later reports from tlie eighteenth century any less 
negative on thi- jxiint. Finally, another court physician, Alliert 
Gessner. affirms twice, in 174!) and 177>3. that the Cannstatt excava- 
tions yielded no remains of man. 

In the beginning of the nineteenth century, however. Cuvier 
already knew of a human lower jaw. But he writes in 1812: 

It is known tlint tt\e j,'i'onn(l was Iiandled withnnt jnveantion and that tliere 
is no knowiedue as to tlu' Ic'voi at wliieii eaeii olijoct was discovered. 

It is not until IS:}."), hence one hundred and thirty-five years after 
the explorations, that the paleontologist F. Jaeger declares that in 
one of the glass cases of the Stuttgart iMiisenm he came across a por- 
tion of a human skudl lying next to some Homan vases gathered in 
1700. Without describing tin* skull, he speaks of it. on the mere evi- 
dence of this relation with olijects of other class, as having lieen found 
in the ('annstatt excavations made under the orders of the Duke 
Eljerhard-Louis. 

To the earlii'r reports on the subject should lie added the conclu- 
sion of de Iloelder. who is absolutely eertain that the skull was not 
found during the explorations of 1700. No one knows where it comes 
from, or when it was jilaced in tlie case. It may not he without interest 
to state here that later there was found at Cannstatt. in the viciuitv of 
I'flkirche and near the locality where the (>xcavatious were carried 
on in 1700. a Homan cemetery from the early part of the middle 
ages, while in fslu there was unearthed in the same neighborhood a 
toml) with a collective neolithic burial. This tomb was iu the tufa 
and was decoi'at(‘d with fo~sil tusks of the mammoth. It is east' to 
si'e that oni‘ may attribute to thi' skidl posing as that of Cannstatt 
almost any origin he desires. 
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U-) BADEX— HESSE. 

DISCOVERIES OF HrMA^J ROXES AT MOOSBACII. MANNHEIM. AND SELIGENSTADT. 


In 1839 H. de Mayer announced the discovery of ancient human 
bones at Moosbach. near Wiesbaden, without jriving any information 
as to their age. 

The two skulls of Mannheim wei-e found, according to Schatl- 
hansen. at the depth of (1 meters in the quaternary gravels of Xeckar, 
near the place where this stream joins the llhine. Schatl'hausen 
considered the specimens as (juarternary, for the reason that they 
were separated only a few feet from teeth of a mammoth and pre- 
sented the same aspect. One of the skulls could not be pre.served ; 
the other shows small size, the capacity being l,3d0 cubic centimeters. 

The skull of Seligenstadt, in Hesse, belonged to a skeleton which 
lay 9 meters deep under modern alluvium and on quaternarv gravel. 

The two last-named specimens W(*r(“ certainly dejiosited in the 
gravel liy the flooded rivers. I*ositive conclusions as to their age are 
impossible. 

REM.VIN.S OF HUMAN' SKELETON'S FROM LAHR. 

The stratigraphy of this find, made by -Vmi Bone in 18:13 (though 
possibly at a later jteriod). uncertain, and tliere are other seriotis 
doubts as to antiquity of the bones. 


07) ALSACE. 

THE SKUrr, OF EIUSIIETM. 

If it is almost arbitrary to qualify the Cannstatt skull as quaternary, 
it is quite possible to apply the same conclusion to that of Egisheiin. 
Its history is as follows : 

In Isb.'). according to Faudel. a fragmentary human skull was 
found in the "normal " loc'.s of a vineyard at the depth of 91 meters 
below the surface. Animal bones dispersed through the same geo- 
logical layer belonged to the horse, ox. deer, and mammoth. The 
state of ])reservation of the human and the animal bones was the same. 

All the above indications an* v ithout absolute value. Schumacher, 
who occupit'd himself more recently with the question of the age of 
the skull, declares that according to Faudel it was found between 
recent and ancient loess. Schumacher does not combat the opinion 
that the specimen may be ([uaternarv. 

In 1S!»3 (lutmann discovered in a field in the vicinity of the same 
hill from which came the skull of Egi.sheim, another cranium, 
which is very similar to the former. In the same locality were 
also found four neolithic tomb>. An arm bone e.xhumed with the 
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(hitmaiin sknll and the hones from the neolithic burials both shoM a 
people of small statnre. The resemblance of the Ewisheim sknll to 
those of these later discoveries makes it very probalde that they are 
cotemjioraneoiis. thoniih it should be remarked that the same hill 
contains also otlu'r araves. ranging in age from the neolithic to those 
of the tiiiH' of the Francs. 

nri: rixns i>F isollwetler Axn oi’ TAGOLS^EI^r. 

The former consist of s(>ven human skeletons, more or less com- 
plete. disc()\-ei'(>d in with nnmerous fragments of pottery and 

signs of its mannfactnre in place. 4’he ])otterv dates ]jrobaI)ly from 
ditferent (‘]iochs. all ^lostqnaternary. 'I'he bones found at 4'agolsheini 
consi-^t of the remains of fuiirtecai human bodies, buried in symmet- 
rically made tombs in the loam and accompanied with some frag- 
mi'iit- (d' ci'iidi' pottery. Evidently they. also, can not be regarded as 
quati'rnary. 

(fl THE milNE I'KOVINCE. 

Tin: DEPOSIT or sieltkx-am-i.aiia'. 

This find consists of the remains of at least eight litimnn skele- 
tons recoveri'd from the npi>er part of tlie earth iind debris in front of 
a cave. In the same layer were found nnmerous Hint inpilements and 
lione of manimoth. The whole form(‘<l jirobably a part of the former 
contents of the cave. The age of the human bones is uncertain. 

Tn a neighboring i-av(‘ were found remains of jialeolitbic as vvidl as 
of neolithic cultun'. and evi'ii of tin* age of nudals. Fragments of 
human bones were disjiersed nearly every whtu-e. but tlioir agi* can not 
lie established. 

THE XEAXDERTHAT. MAX. 

Xo Other discovery has lieen so much discussed as that of the 
Xeander valley. The latest conlroversv conciu'ning this find was car- 
ried on b('twi‘en the geologists ('. Koenen and II. Raiitfe. The latter 
has jmblished threi' studies which utilize in a masterly nianner all 
the infoi'ination that can be had from the I'arlier reports and from 
our actual geological knowledge. The writer has in a similar manner 
arrived at tin* same conclu-ioiis as Kautfe. and it will lie sufficient to 
)’e])ort tlu' decisions of the latter. 

The valley kaiown as X(>anderthal is traversed in part of its course 
by tlu' stream Diie-'sel. which in one place jiimetrates the Devonian" 
limestones, lids jiart of the valley is about (>U meters dee]) and the 
sides -how nmiu'roiis cavi*-. It was in one of these, known asthe small 

beldhoti'r (xrotte. that the “ Xeanderthal man" was. in IS.ffi. dis- 
covered. Ihe cave i- on the left -ide of the river, about ’25 meters 
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aliove the actual level of the water. It pre^^ented a very regular 
vault, terminating in a pointed extremity. It was 3 meters broad 
and d.5 meters high just behind the mouth, hut this orihee itself was 
so constricted that it did not allow of the passage of a human body. 
This constricted opening, elevated al)ove the floor of the cave, con- 
ducted to an external, jirominent, irregular plateau. The floor of the 
cave was covered with a layer of loam (d meters in depth), the sur- 
face of which was on the level with the lower l)order of entrance con- 
striction as well as with the surface of the deposits outside of the 
cave. The bones of the “ Neanderthal man lav <i0 centimeters l)elow 
the surface in this loam. Dr. ('. Fuhlrot succeeded in saving the 
calvarium, the two femurs, both humeri, both uhue (nearly com- 
[)lete), tile right radius, the left pelvic bone, a fragment of the right 
scapula, five pieces of rib. and the right clavicle. The loam also 
contained a few small, scattered nodules of flint. 

The above is all that we know in regard to the Feldhofer cave 
and its contents. Xo competent scientist has seen the skeleton in situ. 
The bones were discovered by workingmen, who were demolishing the 
cave, and vhen Fuhlrot arrived the loam and bones had already been 
thrown out of the cave, and in part jirecijiitated into the ravine. 
It is not known \ihether the di.scovery was that of a complete skeleton 
or not. and how the homes were disposed, d’he loam has nevei’ been 
seriously examined jietrographically and no one has studied in a 
thorough manner thi' interior of the cave or tin* crevici's by which it 
communicated w ith the surface. 

More recent researches concerning the cave and its contents, and 
particularly its creiices, have not cleared, but in some respects have 
rather augmented the difficulties of a definite determination of the 
age of the skeleton. It is certain that its exact age is in no wav 
defined, either geologically or stratigra]ihically. 

XKAXDF.UTItAI, MAX XO. 2. 

Messrs. Ilautcrt. Klaatsch, ami Kocnen have given to science a 

Xeanderthal man ’ Xo. d. The age of this speciment is said to be 
much more recent than that of Xo. 1. but even thus the discovery is 
problematical. It consists of iiarts of a skeleton, ivithout the skull, 
found in the loess which covers the upper jjlateau of the country. 
The bones lay at the distance of about dOO meters to the ivest of the 
^Neanderthal cave, and at the depth of .50 centimeters beneath the 
surface. According to Ilautert the loe.ss occu 2 )ie<l the I'emnant of a de- 
stroyed cai'e. ill Avhich case there can be no doubt that it ivas Avashed 
into the cave posteriorly to its dejiositiou on the jilateau. The bones 
may have lieen Avaslual in at the same time, or they may have been 
buried in the cave later. Xothing was found with the skeleton which 
might give an indication of its age. 
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OTHER CAVES IN RHINE- WESTPHALIA AND IN THURINGIA. 

Remain.^ of linman skeletons reported or appearing for a time as 
of quaternary origin were discovered in the caves " Buchenloch,'’ 
near Gerol.stein ; the " Raulierhoehle," near Letmathe; the “ Balve." 
on the Hoeniie ; the “ Bilstein-Hoehlen,” near Warstein ; and a cave 
near Poessiieck. A critical study has in all these instances shown a 
donlkfid or a conqiaratively modern age of the specimens. 

THE SKI LL or RIXIXIRF. IN DRA XIIENBURO. 

Rixdorf. which is celebrated for the paleontological remains in its 
vicinity, has also given a human skull, which Krause held as surely 
quateriiarv. E. Friedel demonstrated suhseipiently that the specimen 
dates from the commencement of the historic epoch. 

THIIMJ PAltT.— DISCOVERIES MADE I.\' SWITZERLAND. 

The paleolithic deposits which were thus far discovered in Switzer- 
land are without e.xception those of the reindeer age — that is, either 
Solutrean (Kesserloch) or Magdalenian (all the other stations). The 
investigations of Penck and Brueckner hav(' demonstrated that man 
ilid not appear in the country until long after the maximum stage of 
the last (fourth) glacial period. 

Quaternary remains of the human skeleton were found only in the 
caves of Freudenthal and Kesserloch. 

I. Ilmniai Ijonfx inyji.icstioutihhj qiKttprnnry. 

THE CAVE OF FRF.ITIF.NTH M.. 

This cavern, situated in the immediate vicinity of Schaffhausen, 
was explored in LS74 by Dr. H. Kai’sten. wlio found under a laver of 
recent debris and tufa a stratum of fragments of Jurassic limestone 
( from 40 to 00 centimeters in depth), which lower down gave place to 
a brownish loam. I’hese two levels gave the remains of Riinylfcr 
turn nd I /',so/.v pnx( us, T^/’s/is (irctos, Cei'i'tis ulccs, Kquus cithidJ us, 
('uj>iu( iht’.s, ('cri'us chipjius, fV/'C//.s- <■(! jtrcol us, EJcpluts prluu</t‘iiius, 
and others, besides which they revealed a rich Magdalenian deposit. 
Here Karsten found also remains of man himself. Their strati- 
graphic position leaves, according to this author, no doubt as to their 
((uaternary age; they belonged to the undisturbed IMagdalenian de- 
posits. The bones consist of a fragment of a jiarietal. which lay in 
the middle of a fireplace, not far from the lower jaw of an adolescent 
individual; and of a series of other fragments of skulls, jaws, and 
pehes. It is very desirable that the objects gathered in tliis cave be 
nidde the subject of a new monograph, more comprehensive than the 
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previous piililication. They are in the j'ossessioii of the Joos family 
in Schaffhauseii. 

THE CAVE OF KESSERLOCII. 

It is not necessary to dilate on the paleontological and archeo- 
logical importance of this station, which i.s located in the immediate 
neighborhood of the village of Thayngen. S kilometers northwest of 
Schatfhansen. The cave was explored in exemplary maimer in 1871 
by K. Iklerk, and again in 18!>3 by M. J. Xuesch. and since IhOo by 
J. Heierlei. The (piaternary fauna consisted of Felix Jen, Felix inmiid 
(s. rufiix), Li/m ux Ji/ri,i\ Cdiiix Jae/opi/x, Gnlo hnredlix, L exux arrtox,, 
Flep/tax p)‘iiiii(/c)iiux, F/ii/i/xeeox tic/ioi'Jiiinix, F</>i>/x eohnll nx, Eepms 
heniionnx, tSiix xceofu, liatir/ifer ttii’diidi/x, Ceerux ehiphnx. Box prixeux, 
Box peimif/enitix, etc. Flint implements were very luimerons. and 
the same applies to tho'-e of bone and reindeei’ horn; some of the 
specimens were partly carved or engraved. They are characteris- 
ticallv Solntrean. >Vs to skeletal remains of man, Merk declares 
expressly that he encountered in the deposit from the lleindeer epoch 
only a single clavicle, belonging to a young individual. A skeleton 
of an infant, (‘xhnmed from near the surface of the modern debris, 
can not lie considered. 

In view of the above exact old reports it is surprising that J. Xuesch 
found, several years ago, in the vSehatihansen Museum a skeleton of a 
young adult of small stature (the femur measured but centi- 
meters in length) , which, according to an old label, came from Kesser- 
loch. In the vicinity of these human bones were those of deer and 
pig, and fragments of pottery. They are not to be regarded as 
quaternary, but rather belong to the so-called Switzerland " pygmies. ' 

IT. Iiidietifioxx f<> he dix( nfded . 

THE ST.VTIOX OF SCH WEIZEKSBILn. 

This celebrated shelter near SchatFhansen gave to J. Xuesch F2 
tondis containing the remains of '21 persons, of whom II were adults 
and 13 were children below 7 years of age. Among the children's 
skeletons 3 were apparently of a recent date. Of the adult bodies 
several indicated people of small stature, and were classed by Koll- 
mann as pygmies, but may merely represent the shoiter individuals 
of a small race. The burials, e.xcepting those of more recent age. 
must be attributed to the neolithic ])eriod of culture in the country. 
This opinion, which is Jiared by Xuesch. is confirmed by the dis- 
cov’ery of neolithic burials — in which occurred indii'idnals of very 
small stature — by Doctor iMandach, in 1871, in the cave Dachsenbnehl. 
Canton Schail'hansen. 




THE OETGTX OF THE ST.AYS. 


Ky ProIVssor Zahorow f-K i. 

Prvfctstiui- of Ltlinoi/nipliii. Erolo (I'Aiilliroiioloiiic. Parix. 


I. 


iSKI'ARATION (IF SLAVS FROM 1>R( ITtl-ARYA>'S. 

In anotliin' artifk' In’ the writer'' there was discussed the 

cjuesti(.)n of the oriii'iual home of the (ireeks. the I 'mbro-Latiiis. the 
Gauls, and the Germans. Tliou,ii’li history does not tell us the 
exact iteriod of the departure of those peoples from the proto-Aryan 
territory, Ave can ne\'erthel('ss trace them hack to the Aery borders 
of that tinm. 

The Greeks Avore tlu' first to find their historic home, but the story 
of their mi<>'rations hither is lost. IVe have. htiweA'ei’, in all proba- 
bilily, remains of their ancient sojourn noi'tlu'ust of the Adriatic, in 
the A'aried artistic [;ottcrics found in such abundance in neolithic vil- 
lae'cs. as at Ihitmir, near Scrayex’o in Bosnia. 

The Umbro-Latins, who canu' from the northeast, may be studied 
at a time Avhen they Avere still in close relation with the region of 
the Danube.'’ 

The home of the proto-Gauls adjoined the ju'Oto-Aryau territory, 
and Avas formerly confounded Avith it. It has now been definitely 
located along the ujiper Khine and the n[)j)(“r Danube, whence it 
reached to more or less fixed limits northward and eastward. 

The original home of the proto-( iermans I place, on the basis 
of archeological and even historical data, in the region Avest of the 
Baltic. 

" Abstract, b.v pcnnissidii of the author, from (Aricines (_les Slaves. b\’ JI. 
Zaboi'OAAski, in Bulh'tins et Memoires de la Soeiete U'.Authroiiologie Ue Paris, 
Paris. mo4, .Ath serii's, Voi. A, jU. (1, jiji. UTl-Tl-’O. 

''For other articles on tlie Slavs Iw I'rofessor ZabroAvski. see Itovuc de rFeole 
(TAnthropoloyie for .Taniiary. lirti.-); also the same Iteviie for .Tauuary. inoc, 
umh'r tile title Penetration dcs Slaves et Tr.insformation ( 'ephaliiiue eii Boheine 
ct sur l;i Vistula. (The same author has iu pretiaratiuu similar papers uu the 
Lithuanians and the Finns.) 

See Itevue Scientiflnue. February l.s. lonij. 
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It now rpiiiilinb to dcteniiiiK' the fathcrlinul of the Slavs. This is 
the most difficult task, for the first historic information concerning 
them discovers them already sjjread over vast and widely separated 
territories. The hypothesis that they came from Asia, or were iden- 
tical with the Sarmatians. is the least tenable, being based on fanciful 
th('ories, while best-informed authors have derived them from the 
region of the Danube." Their language, of the Satem group, could 
have originated only in the eastern z<me of the proto-Aryan territory. 
The linguistic ancestors of the Slavs spread over the western part of 
the valley of the Danube only after the TTnbro-Latins and Greeks, 
on the one haiul, and the (buds and Germans on the other, were either 
drawing away (u- had left that region. The Slavs came later, without 
being ill direct contact with any of those peoples. '\Ye know that the 
Illyrians came from the east to occupy the Adriatic littoral, and sub- 
sequently came the Thracians, from whom the former separated. 4Ye 
know also that the Pannonians were the parent.s of the Dacians, and 
that the Moesians. Illyrians. Dacians. Getes. and Pannonians were 
all Slavs. 

The principal promoter of this westward movement, the oldest 
constituent element of the Slavic peoples, notaldy north of the 
Danube, from I’aiinonia to the Daltie. and from tlie Elbe to the Yis- 
tula. was the people that, spreading over I'entral and northern Europe, 
exclusively iiracticed cremation of the dead. This people was like- 
wise the propagator of brachycephaly or short-headedness. They 
became known in history as the Yeneti. one of the most ancient 
political groupings of central Phirope. and in the days of Herodotus 
they occupied all the western districts from the Adriatic to the 
Danube. A close study of the Yeneti has proved beyond doubt that 
the Slavs of the western zone of central Piurope. from the Adriatic 
to the Elbe and the Baltic, are their descendants. 

roHMA'iiu.x or ini. .Slavic iype ox the daxuke bv iiODincAXiox or rEoro-AEVAX 

A,\D THE.VCIA.X TYPES. 

If we exanune the region of the Damibe ba.sin from the Alps to the 
Black Sea. we find the Shu s there as autochthons. If there are dis- 
tricts where at present none or but few Slavs live, nevertheless we 
always find them in proximity thereto, in places where they sought 
natural protection against invaders or into which they were driven. 
There is no other ethnic element in the Damibe basin that could dis- 
pute their indigenous origin, for all other occupants are either con- 
(luerors or immigrants of later times. PYe know that the Dacians, 
the Pannonians, and the iMoesians of the Roman jieriod were ancestors 
of the Slavs, and there is substantial proof that those Illyrians, with 


Rfviie (It* VKcole. January, 
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whom the Gauls mixed four lumdred yeais hefore the present era, 
were likewise Slavs. But when and how did the Slavs become the 
indigenes of the Danube basin, Avhich as early as the eighteenth cen- 
tury B. C. was proto-Aryan territory 

It is known positively that the Thracians of the eastern zone of the 
l^iasin spread toAvard the Avest and the Adriatic Sea. and this at about 
the time when the T'mbro-Latins and the Greeks wei’e still associated 
north of the Adriatic or Avere just separated. The Illyrians detached 
themselves from these Thracians and subse<pient]y even drove them 
out fiami present Servia. At the same time the Dacians and Getes 
settled ill distinct groups on Thracian territory, and it is knoAvn that 
till a late jieriod their language did not materially ditl'er from that 
of the Thracians. From their first moAements the Thracians were 
doulitless mixed Avith some eleuKuits from jiarts of Asia Avhere they 
themselves had lived. 

The remains of Glasiiiac sIioav that in 1100 B. C. the Illyrians 
largely preserved the characteri'-tics of the jiroto-Aryans. But Ave 
also find there a neAv ]ieo|ile that burned their tlead and that mixed 
Avith and modilied the character of the natives. The progress of this 
ncAv constituent is marked by the groAvth of the custom of incineration 
of the dead and the expansion of a civilization noAv called Hall- 
.-tadtian. 

The transformation thii^ etl'ected in the indigenous Illyrians and 
others is the point of departure for the formation of the Danubian 
.Slavic type, distinguishing it from the proto-Aryan. Its expansion 
became, as it Avere. symbolical for that of the Slavs, although it Avas 
itself by its origin neither Aryan nor Slav. These people, whose 
brachyceidialy extended to the neighboring countries. Avere the Veneti. 

ORIGIN OF TIIK VtXETI. 

Herodotus mentions the Veneti in tAvo passages. In the first 
(I, 190) he tells us that the Babylonian custom in eA'ery Aullage of 
auctioneering handsome maidens, and Avith the money thus obtained 
from rich Avooers endoAving the less fair maidens and marrying them 
to itoor men. also existeel among the Veneti of Illyria. In the second 
passage ( V, ) he tells us that they live on the confines of the Adriatic 
Sea and. toAvard the north, adjacent to the Sigynna? that inhabit the 
entire territory beyond the Danube. Both references hint at the 
Asiatic origin of the Veneti. Strabo is cA'eu more explicit concern- 
ing thi-. origin. 

Polybius (i!10-lg5 B. C. ) relates (Book II. Chap. IV) Unit when 
the Gauls captured Home (300 B. C. ) the Veneti invaded their 
country — that is. the plains of the Po. He says of the Veneti ( CTiap. 
Ill ) " they are an ancient people celebrated by the tragic poets for 

SM lUOtj ‘2(i 



402 


THE ORIGIN OF THE SLAVS. 


iheir prudigioi!.' Tlieir customs and dress are nearly the 

same as those of the Gauls, vhile ■-peaking a different language." 
This language, which Polybius says was neither Latin nor Gallic, 
could only have lieen a Slavic dialect. The funeral inscriptions from 
the Venetian village of Acpiila contemporary with Strabo are Slavic, 
and the people of the extreme northeast of Italy still have a particu- 
lar Slavic dialect, the Khesiaii. 

In the time of Herodotus the I'eneti were associated with the 
Sigynnax who settled north of the Danube and were connected Avith 
the Gauls. For while the Veneti called thenr-elves a Median colony, 
the Sigynnav on their paid, had ” habits resembling those of the 
Metles." (Herodotus V. h.) 

For another passage in Strabo (XII. 3, Id. and 25) Ave learn that 
the traditional origin of the \'eneti Avas that they came to the Adriatic 
shortly after the fall of Troy ( 1183 B. G. ), from Paphlagonia, AAhere 
they AA’cre associated Avith the Ga]>padocians. after liaA’ing partici- 
pated in the Trojan aath' with the Thracians. Traversing Thracia 
and Illyria, they reached the Adriatic, bringing Avith them elements 
of their cit ilization. their large .Vsiatic horses, and the custom of 
burning tlieir dead. 

PHYSICAL cHAP.At II lasries a.nd a( iji na.n i.amicai.k or Tin: vi:>'i:ti. 

An unexpected light is thus throAvn on the prehistoric past of 
central Europe. As stated above, tbere Avas at Glasinac. to the south- 
east of Serajevo. a warlike Illyrian people, their customs identical 
Avith the Thracians. avIio mingled with a foreign race that incinerated 
their dead. Xow. according to their number and tlieir material, the 
Glasinac sepulchers date betAveen the eleventh and fifteenth centuries 
B. C., and some belong to the time Avhen the Veneti, after the Trojan 
Avar (1183 B. ('. |. gradually crossed Thracia to reach the country 
north of the Adriatic. 

IVe knoAv nothing directly of the physical traits of the Pajthla- 
gonians. Of the Cappadocians. hoAveA’er. something is knoAvn, for 
the Assyrians fought against them before the end of the tAvelfth 
century B. C.. and they formed part of the Empire of the Medes. 
dliey had racial and linguistic affinities Avith the Turanian element of 
Hither Asia. AAuth the .'^umerians. the proto-.Vrmenians, and the 
Medes. The same Avas probably the case Avith the Paphlagonians, 
for the ancients depicted them as very different both from the Thra- 
cians and the tiaiils ot (ialatia. As to the \ eneti. the figures on the 
iamou- -ndc of V at-i h all spo^v their type, Ai itli the nose concave or 
short and depre— eil at the i-oot. Short-headed and broAvn, they 
introduced brachycephaly into the northeast of Italy, profoundlv 
modifying the TTnbro-Latins and the Gaul.s; and likeAvise from 
them came all the characteri-tics since knoAvn as ( 'elto-Slavic, a term 
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whicli ought to abandoned. They also carried brachycephaly into 
the northwest and the north as far as the Baltic littoral, and that 
character is the principal constituent element ,of the present Slavic 
ty 2 ie. Ill Italy itself six cities are given by the ancients as Yeiietish, 
including Padua. \"icenza. Bellniio. and two obscure cities in the 
Province of Treviso. In these Provinces inscrijitions have lieen 
found which are attril)nted to the Veneti." Similar inscrijitions were 
noticed on rocks near Bhirmlach in the eastern jiart of ancient 
Noricum. (DhVrbois. II. T!».I In Ckirinthia. near Dellach, bronze 
objects and jiottei’y fragments were found, marked, it seems, with 
characters of these inscrijitions. ( Pauli, III. ji. (ik. 70. ) 

The language of these inscrijitions would be settled if the earliest 
tojiograjihical names of the Wneti and the tomb inscrijitions of 
their ancient and jiowerful city. Aquila. were accejited as Slavic. 
But even aside from this we lind that in the whole Daimbian region, 
occiijiied down to oui- era liy Veneti intermixed with Gauls, there 
are none liut Slaidc tongues, d'lu'se languages include elements intro- 
duced into them liy the c(in<|iiering Gauls of the fourth century 
B. ('.. when they fused with the Illyrians. They must, then, have 
existed at least since tlie fourth century B. G.. and it is very jirobable 
that it is to one of these latiguages that Polyliius refers as being 
neither Gallic nor Latin, luit jn'cnliai' to the Veneti. The name 
\ eneti in historic tiiiit', at least in the sixth century A. I)., was the 
generic term for the Sla\s north of the Garjiathiaus. Xot only did 
they use a Shnuc language, but they jilayed the chief role among the 
Slavs, and a knowledge of them is therefore of material assistance in 
tracing the advance of the Slavs. 

THK ^t'^'KT[ AND THEIR NAME NORTH 01- THE DAMBE AND ON THE BALTIC TIIEilB 

PANNONIAN ORIGIN — IDENTITY WITH THE SLAVS. 

iiorever the ^ eneti spread, there Sla\ .s luive lived or .still dwell. 
The name ^’eneti. analogous to that of the Franks in France, and of 
tile \ ariags in Kussia. ajijiears in the Pannonian citv of Vindebona, 
Vienna, in that of the Vindeliciau jiart of Bavaria, hetween .Switzer- 
land and the Danube, and in that of the Wends, who still hold their 
own in Lusatia. notwithstanding invasions and a verv active Ger- 
nianization. It was trans|)lanted without the least alteration to the 
Baltic littoral, w here jiositive traces of the A eneti are jireserved in the 
name A indava, borne alike by a river and a citv. 

Fh-om the jirecediug facts it is clear that peojde of AVnetish origin 
have dwelt since a jirehistoric jieriod north of the Carpathians, and 
that their name, jneserved through the ages, was ajijilied to no others 

•' f'eniiiare (’aiT rauli, Altitalischc Forscluuigeu. Ill ; r)'Arl>ois ile .luliainville. 
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than the Slavs. It can now be demonstrated that these were the 
ancestors of the Veneti of tlie Adriatic, and that they penetrated even 
as far as the Baltic littoral at a remote period. In the center and in 
the north they were the proiDagators of the rite of cremation. 

(EEMATIOV rROrAGATEI) 1!Y THE \ ENETI i>K()\ ES TOKir: IXEECENCE AXD AIDS IX 

TRACIXC THEIR M H.RATKIXK. 

The rite of cremation appears in the terraniare of Emilia, and as 
the presence of this custom must have a relation to the intrusion of 
a foreij^n race. Sergi thinks that even at that time Illyrians — that is, 
“proto-Aryans" (or our Veneti) — had penetrated into Italy." In 
the northeast of Italy there are circular ramparts resembling those 
of Bohemia. Istria. Dalmatia, Bosnia, and Herzegovina. 

Cremation did not liecoine general in Italy before the early iron 
age. and perhaps coincides v ith the first Venetish invasion. If the 
Italian civilization of that age is not to be attributed to the Etruscans 
(as Sergi is inclined to believe) the \'eneti were evidently its authors. 
In any case, from the early iron age the \'eneti had relations with 
Italy and with tlie Etruscans, and the role in the civilization of 
central Etirope. hitherto attrilaited to the Etruscans, must be cred- 
ited to them. They are the authors of the cinerary tombs of (-flasinac 
and ^sanskiniost. of tlie cemetery of Santa Lucia in Tolmino, and of 
other Ilallstadtian cemeteries. They are thus the originators and the 
iiropagators of the Ilallstadtian civilization. There we meet with 
their name and with the practice of cremation and the products of 
that Illyrian and north Italian civilization. 

A large number of amber beads from the Baltic was found at 
(flasinac. while objects of glass, gold, and ivorv are preserved at 
Ilallstadt. and beads of blue glass from the ci'eniatory tombs of 
Bosnia were transported to the Baltic. This points to a strong 
northward migration from Illyria and rannonia. Having reached 
the Danube it followed its course as far as the Lake of (^’onstance. 
entering it through the mountains of Salzburg, where Ilallstadt is 
located, and in part through Switzerland. North of the Danulic 
this movement ran at the same period, in part through Bohemia along 
the Elbe and Oder, occuiiying Silesia, Lusatia. Posen, and the Vis- 
tula. and linally the Baltic. 

In this extensive teri'itory there settled in the course of the Hall- 
stadtian jieriod a poimlation less warlike than the (fauls and the 
(lennaus and moi'e sedentary, its chief point of distinction being the 
religious rite of burning all its dead. It used iron and bronze orna- 
ments of the Ilallstadtian type and also received the pro.ducts of the 
Mediterraneaji civilization, while its cinerary vases and urns and 

“ .Vrii et Italici, is'.is. ji. i:;4. 
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articles of amber and bone were of home mannfactnre. This coloni- 
zation preceded the civilization of Tene and the conquests of the (lauls 
on the Danube and in Illyria. These cremationists never quitted the 
soil thus colonized about the end of the eighth cei'tury B. C. Their 
connection with the Adriatic has nev'er since been broken, and neither 
the Gauls nor the Germans have definitely dispossessed them. 

The present Slavic peoples of the West will be shown to be the 
descendants of these immigrants of the Hallstadtian period, and con- 
•secpiently they themselves were Slavs. 

II. 

CLOSE REL.XTION OF CIAERAHV TOWHS WITH THE VEXF.TI. 

f’inerary sepulchers have been discovered wherever the Veneti 
ha^'e gone. From information furnished by Tacitus." added to that 
by dournandes.'' it follows that the Vendi. dri\en by the Goths from 
the lower Vistida. were forceil to the east of that river. They mixeil 
with ])eoples -who buried their dead. A'hen Tacitus says that the 
Veneti were in contact with the .'^armatians he s]jeaks. without doubt, 
of the Lithuanians along the Narew Kivei'. Traces of cemeteries with 
cinerary ui'ii' ari* also found to the north of thi‘ Bog and in Courland. 
The Veneti have also coiniiuinicated somewhat of their physical 
characteristics to the Finns who were seltleil in the littoral, and the 
Lithuanians who occuitieil the interior. It is at least jiossible that 
the crania of the ancient tombs in the vicinity of Wenden were brachy- 
cephalic. 

Various modes atid arrangements of cinerary cemeteries have been 
observeil in the ancient seats of the Veneti. The cineraries north 
of the Danube, in Bohemia, IMoravia. on the Elbe, the Oder, and 
the Vistula as far as the Baltic are like those of the Adriatic. Pan- 
nonia. Bosnia, and Italy. According to a recent comparative study" 
of the cinerary urns of various regions, the first and most important 
group, that of Imsatia. recalls all the tyjtes of those of Illyria and 
also some of Italy. The second group, that of Aurith. on the right 
bank of the Oder, south of Frankfort, shows resemblances to the 
types of Lusatia of a certain zone, extending from Saxony throtigh 
Posen as far as western Prussia. A third group, that of Goeritz, 
likewise on the right bank of the Oder, north of Frankfort, has also 
for its basis the type of Lusatia and includes urns identical with 
those of Illyria and Italy. The fourth group, that of the large 
cemetery of Billendorf. in the district of Sorau, also comprises 
specimens much akin to tho-e of Villanova in Italy. 


« (iermnnia. XI.III. 

6 TIistoire des Gotbs. II. 


' Voss. Zeits<-britT fur EtUiiologie, 19o3. ii. tt!7. 
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IIIGE.VTIOXS OF t'KEMATIOXISTS TEKKITORY OF FIGURED URAS. 

We can follov the movement of the cremationists from Pannonia. 
their starting point, to Moravia, Bohemia, Silesia, along the Oder 
through Billendorf, Lusatia, from the Oder to the Vistula through 
the territory of Goeritz, vhich reaches to Pomerania and ivestern 
Pi •ussia, and finally to the lower Vistula and the Baltic. All these 
regions thus traversed and occupied have intimate relations with 
one another; the urns characteristic of each of them blend witli and 
cross one another. Figured urns are peculiar to the lower Vistida 
as far as Silesia, thougli they are also found of a somewhat different 
kind in the cemetery of Kutl'arn, in lower Austria. The tombs of the 
lower Vistula are more or less (juadrangular chamliers, made of and 
covered with flagstones. Each tomb contains several urns. The 
oldest tombs are surmounted by stone tumuli resembling those of 
Bosnia. Later the stone tumuli give place to those of earth; at 
(flasinac they consisted of a heap of stones mixed with earth. 

The circumfei'ence of the uiais is greater than their height and the 
opening is comparatively narrow. They are handmade, of clay 
mi.xed with poiimh'd gi'auiti*. and unevenly baked. They vary 
greatly in size. Some ornauumtation or a simple groove divides the 
body from tlie neck, the surface of which is often carefully polished, 
in contrast to the rough and grained body. At the base of the neck 
there are frequently two handles. Their color is generally reddish 
gray from the baking, but thcw are comjiletely or partially covered 
with a black tint. Their covers are basin-shaped. They are of good 
depth and identical with the cinerary urns of Italy. Each contains 
the debris of calcinatial bones of a single individual, without anv 
admixture of ashes, though they arc occasionally tilled full with 
earth. 

CREMATIO-MSIS OI- \LAETI.SI1 ORlGl.'s IT.N KTKATLh AS FAR AS THE BAHTl DL'KIAG 
llIE H ALLS'! AiniAA PlAIlUlL 

AVitli the caicinateil bones are often found beads, pins, fibulas rinof'^, 
ehaiiilets, and other ornaments. The beads are of Idiie i^lass, bone, 
or clay. The pins, j^incers. clasps or tibuhe are of bronze. Iron 
appears exceptionally in the form of small rings and uncertain orna- 
ments. 'I he glass beads are the same as those of Illyria. The metal 
objects, as well as the beails. are of foreign manufacture and conse- 
quently of the same origin. The type of industrv represented in 
the tombs, which represents two sj)eciuiens of ii'on to seven of bronze, 
is purely Ilallstadtian. At Ilallstadt itself the cremations, number- 
iug 4.);). were less numerous than the burials. The immigrants who 
brought the custom of cremation to the Xoric Al]is were not the mas- 
ters there, for the Gauls continued in the majority. The same was 
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the case in Bohemia. But northward, in the forest region between 
the Oder and Yi.stula. on the Baltic littoral and the left bank of the 
Vistula, they were in full possession of the country. Their crematory 
tombs are imposing in number. In western Prussia alone the crema- 
tions represented by these sepulchers are estimated at '200,000.“ 

liOX-SHAPEl) TOilli.S AND TlItIR I'KiClii:]) CiiXS ;_0\KI!.S TKEy L'E.NTLY IX THE .SII.YPE 

1(1- IIEAUGEAH. 

One of these tombs without a tnmuhis has a paved floor and held 
at least 200 urns. Apart from this e.xeeption they are of the average 
size: that is. 40 to T.") centimeters in height by (>0 to I.IO centimeters 
in length, with the roof about .lO centimeters below the surface of 
the ground. The urns are there buried in the sand, as in Italy. 
Some are decorated with a human head, nearly always modeled on 
the raised pate of the upper rim of the ni'ck. The figures include 
the eyes, indicated in \ari(ms ways: the no'e. generally jutting out 
without regularity of form: and the ears. The mouth is not always 
represented. The ears bear rings of bronze wire with beads of glass, 
amber, or clay. The covers of the urns are frefiiieiitly shaped like a 
saucer or a more or less deep basin, though more frequently they have 
the form of headgear, such as flat caps, or round liats. either with 
a narrow lirim or widi* turned-up rims like the felt hats now in use. 
Some resemble the hats worn in the north of Italy during the Etrus- 
can period. Even in (Ireece. where as a r\de the head was uncovered, 
sailors and old and sick people fre<ntently wore a rimless cap of felt, 
leather, or straw, called /i/Aiv. and in Iheotia, at least, there was in 
use a hat with turned-up rims called This was. no doubt, 

transplanted to the Balkan Peninsula and the north of the Adriatic. 

The interesting point for our consideration is that the headgear, in 
all the variations of form worn during the Ilallstadtian period, is 
common atnong the present inhabitants of the region of the box- 
shaped tomlrs. It will, moreover, be ^een that this is not the only 
Hallstadtian custom that survived in Bohemia. iMoravia, in the 
Carpathians, and on the Vistula, slewing that the .Slavs of these 
regions are in all likelihood the direct descendants of the immigrants 
who introduced cremation. 

I’.XPAXSIO.V or EXCI.CSn I I.Y cinerary eEMFTEEU'..S I ORRESPOXDS WITH THE SPREAD 

OF THE \EXETI, 

The builders of the crematory tombs on the sandy heights of the 
'eft bank of the Vistula, as far as the Baltic littoral, were not able, 
it seems, to (Expand eastward. Extensive swamps then covered a 
considerable portion of both Ih'ussias. Besides, the E'-thonians were 

" Gssowski. Jloiiumeiita, p. 101. 
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in tlie proximity of the Baltic. Consequently, cemeteries are found 
on the right bank of the Vistula only at a certain distance fi'om the 
Baltic littoral, between Graudenz and Thorn. The basin of the 
Xarew includes none. This would support the v’iew that the Xeures 
of Herodotus, that is. the Lithuanians, occupied the basin of the 
Xarew as far as the Dniester. 

The custom of cremation and of placing the debris of the bones with 
a few articles in urns extends as far as .Scythia. It was introduced 
along the shores of the Black Sea in the stone period rvith the 
painted potteries of the pre-ilycenean period ; but from the river 
San to the Dniester, cremation alone does not appear to have been 
practiced at any period. 

Exclusively crematory cemeteries are found only where the Veneti 
alone were established. With the exception of the marshy littoral 
(jf Pomerania the territory on the Vistula and between the Vistula 
and Oder exhibits during one period only crematory sepulcher’s. The 
Veneti settled and lived there alone during many centuries, till the 
arrival of tlie Goths. In the tombs of this entire region are found 
the same styles of urns as on the lower Vistula : urns with figures, 
with their hats and caps, and of the same material which seem to 
prove that they are all the woi’k of the same peojjle. 

The region lietween the Vistula and Oder embraces not only the 
south of Pomerania and Posen, but also .Silesia: then Lusatia and the 
south of Brandenburg. From the basins of the Oiler and the Vistula 
the crematory cemeterii’s extend to Moravia as fai' as the valley of the 
Vaag. and the eastern and northern parts of Bohemia; while in the 
western part of that country and thence toward tlie .Saale cremation 
was checked by the Gauls, who ke]it up the custom of burial. 

Exclusively crematory cemeteries are then found in the region 
extending from Pannonia to the Adriatii- littoral and the valley of 
the Po. And it is probable that from here one and the same peojile 
spread as far as the Baltic, having almost identical customs. 

4RE.MATIOXISTS A'i PERIOD (H SPREAD OE (,AULS OX THE DAXL'BE OR PERIOD OF THE 

TEXE. 

AA ith tlie hetrilulino- of the Teiie i^eriod important changes took 
place in the condition of the people. The GauE then made their 
appearance south of the Danube, and that meant the cessation of 
exclusively crematory cemeteries. Bohemia became the center of 
the spread of tlie conquering Gauls in central Europe, so that burial 
obtained there the upper hand. Tombs in rows, ijj ^vliich the skele- 
tons lie on the back, accompanied with iron weapons, supplanted in 
the west particularly the mixed sepulchers covered with tumuli. 
Crematory cemeteries maintained themselves in Bohemia only on the 
frontier of Lusatia in the east, and in Moravia. In fact, aided by 
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the cemeteries, we can trace with precision the phases of the conquest 
of the Ganls. their sinaremacy, their decadence, and their final absorp- 
tion. Everywhere in Illyria the influence of the Gauls reveals itself 
by a return to the custom of buryino; the dead, and their sultsequent 
assimilation is manifested by a decrease of the number of burials or 
even their entire abolition. 

The Gauls invaded this region in the fourth century B. C.. where 
they constituted the stock of the Yapods. Corresjtonding to this 
])eriod of invasion there are found in the cemetery of IVatsch. near 
Laibach, in Carniole. two kinds of contemporaneous .sepulchers : 
First, with cinerart’ urns, without weajjons, and with merely some 
scanty and poor ornaments: and second, those with skeletons resting 
on their backs, accompanied with weapons and numerous articles of 
ornament. 

Two peoples thus lived side by side, one dominating the other; 
the one warlike, the other peaceful and oppre-sed. The social con- 
ditions which one school of students, supposed to have existed on 
the Danulx' only at the time of the Avars, in the sixth century A. D., 
jiiust therefore already lune existe(.l in the fourth century B. C. 
The Gauls found in I’aniionia a people given to agriculture, and con- 
sequently with little taste for arms or ajttitude for war. These 
indigenes were oppressed and exploited by the Gauls. The series 
of foreign conquests comprises al'O that of the Avars. But the 
natives were not supjilanted by tlie newcomers. 

GAULS I.\ ILLYKIA AND I’AX'.NO.NIA AssI.M II.ATEI) L!Y THE t REM ATIOXISTS I PRESENT 
SLAX.S THEIK [)ESC E.\l>ANTs. 

.\.s regards the fir^t conquerors, the Gaid-. tliey not only did not 
supplant or exterminate the natives, but were themselves assim- 
ilated. Other invaders were l)ut transients, and soon left in search 
of less impoverished territories where booty was more abundant. 
Gallic words in the Slavic tongues, and Gallic types among the 
Bosthians. confirm the record of history. 

In certain cemeteries, as in tliat at .Tezerine. in the northwest angle 
of Bosnia, the struggle of the indigenes can lie followed up and its 
final triumph estal)lished. In the .Tt'zerine cemetery, the projmrtion 
of supulchers with Imrial in the fir--t period of tlie Tene, was So })er 
cent; in the second period, during tlie decline of the Tene, it fell to 
40 per cent ; and finally, in the third, or Roman period, it was on the 
l^oint of disappearing, fieing oidv 7 per cent. 

The crania collected, though in-ignificant in number, also bear 
witness to the ab'orption of the ancient dolichocephalous, or long- 
headed people, there Ijeing a proportion of three mesocephales to 
five brachycephales. If, then, whi're numerous conquerors passed 
through the territory, a population Avhich had existed since the Hall- 
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stadtian jjeriod continued to maintain itself, there is still more rea- 
son to assume that it vould survive in regions free from great 
conquests. When it shall be proved that in the territories where cre- 
jnation alone prevailed, as in the homes of the independent Veneti, 
the population has never been exterminated or dispossessed, then it 
will also be proved (since these regions are at present Slav), first, 
that the Veneti were of Slavic tongue, and, second, that the Slavs 
settled in these very countries in the period of the Hallstadtian civi- 
lization. 

III. 

PRIOEITV (IF THE HALLSTADTl AX ( E JIETERIE.S TO (/KEMATIOX IN 
FANNOX'IA AXT) ILLYRIA. 

It has been seen tliat in Pannonia the cremationists of the Hall- 
stadtian period were, at tlie period of the Tene, invaded by a burying 
people, and that the latter almost completely disa^ipeared toward 
the Koman period at the begimnng of the present era. 

In the north of Bohemia and in Moravia, between the Vistula and 
the Oder, such an intrusion of the burying people at tlie same period 
is not recorded, because no Gallic; invasions there took place, and the 
crematory cemeteries remained long undisturbed, even down to 
about the present era. Gonsidering that the number of bronze 
objects found in these cemeteries far surpa.sses those of iron, and 
noting the absemee of arms, iron being used only for ornaments, they 
must be dated at least as far back as the Hallstadtian period. And 
since nearly identical cemeteries, with similar contents, are also 
found in lower Austria, it must be concluded that these finds on the 
Vistula represent not merely an archaic industry, which owed its 
continuous existence to its isolation and remoteness from intercourse, 
l)ut rather that these imrely crematory cemeteries north of the Dan- 
ube are the work of peoples of the same origin and of the same civi- 
lization who came there during the Hallstadtian period. That the 
crematory cemeteries of the Vi-^tida and the Hallstadtian cemeteries 
of Pannonia and Illyria coincided more or less in time is. moreover, 
evident from the fact that permanent commercial relations existed 
between the peoples of the Adriatic and those of the Baltic before the 
iron age. the Tene period, and the Gallic conquests. 

In the ‘^tii tumuli ojiened at Glasinac in 189.5 and 189G there were 
found, among other objects, l.ss.) amber beads. These tombs date 
between 1100 and .500 B. C. The amber indicates relations between 
Illyria and the Baltic prior to the fifth century B. C. In Italy the 
custom of cremation was introduced at the latest between 1000 and 
1100 B. C., more likely earlier, so that in Italv. as well as at 
Glasinac. there is a correspondence between the spread of this cus- 
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tom and the arrival of the Veneti on the Adriatic shortly after the 
Trojan war. On the other hand. Hallstadt is not older than the 
eighth or ninth century B. C.; so that the crematory cemeteries of 
the Adriatic preceded l)y several centuries tho.se of the Vistula, and 
it was from the shores of the Adriatic that the custom of cremation 
spread, not fi’om the basin of the Vistida. 

COMMERCIAI, RELATTOAS BETWEEN CREM ATIONI.STS NORTH OF THE DANL'BE AND THE 

BAT.TfC AND THOSE OF PANNONTA AND THE ADKIATTO CONTINIED DURINO THE 

ETRUSCAN AND DO\^ N TO THE ROMAN PERIOD. 

This is proved by the objects of Etruscan and Roman art collected 
in the cinerary sepulchers of the north. The interesting stele of 
Kutfarn, in lower Au.stria, doubtless belongs to Etruscan art. The 
scenes represented on it closely resemble those of a stele of Cestosa 
(near Boulogna) of the fifth century, whicln is Etruscan. At Burg, 
in the center of Lusatia, cinerary urns wei‘e found, containing two 
Etruscan votive chariots of bronze. In the urns of the Oder and 
Vistula lachrymatories and Roman glass vials were found, along with 
debris of calcinated boiu‘s. A bronze vase was found, among other 
things, near Kalisch. a city situated midway between Breslau on the 
Oder, to the southwe.st. and Block on the Vistula, to the northeast, 
in the very center of the region of cinerary sepulchers and on the 
route by which they Avere propagated, from Pannonia to the Baltic. 
The handle of this A'a.se is decorated in repousse with a figure of the 
infant Bacchus, with a cloak of a panther skin on his shoulder and 
holding a bunch of graiies. It is a ma.sterpiece and eAudently of 
rTi'a‘co-Ronian or early Roman art. It can be ajApro.ximately dated 
from the fourth century B. C., when the representation of Bacchus a.s 
an infant came into vogue. In a tomb at Czainkov on the Nortec, in 
the north of Posen, thei'e Avas a Roman teri-a-cotta mask, dating prob- 
ably from the beginning of the imperial period, AA'hen Roman armies 
campaigned in Illyria and Pannonia. 

( RKAIATTONI.ST.S iiETWl.E.N \IS1CI.A A.ND IIIIEK NOT DISTCRBEl) IN POSSE.S.SIONS OR BUI' 

PARTIAI.I.Y DISPO.SSE.SSI 1) EXCEPT BA' CERAIANIC INVASIONS PERJI.ANE.NCE IN 

BOIIEAIIA. 

There is one proof that the builders of the crematory tombs re- 
mained independent until the arriA-al of the Goth.s on the lower 
Vistula. In a cemetery of the district of ITejcherovo, nortliAvest of 
the mouth of the I'istula and Dantzig, on that strijA of land Avhicli 
stretches along the Baltic, and Avhich must have been one of the first 
tracts occupied bv the invading Scandinavians, there Avas found a 
cinerary urn, the bottom of Avliich Avas adorned Avith Runic char- 
acters, though these could not be deciphered and their genuineness 
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Vils conte.sted.'' Xov the Goths posses.seJ the Kiuiic script, for a 
Gothic lance enoraved hy them was found at Kovel, in Volhynia ; 
and in Ihjumania were found dili'erent objects with Runic signs. The 
Goths thus met at the mouth of tlie ^dstula a Veneto-Slavic peojile 
that buried their dead. And it was the Goths and the other Ger- 
manic invaders who followed tliem. the Burgunds and the Vandals, 
if they may be counted among the Germans, who disturbed and drove 
back the peaceful 'Wneto-Slavs. 

Cinerary tombs incased with stone disappear with these new 
arrivals, while the iron age fully makes its appearance, the age of 
the Tene with iron arms. 

Did the Slavs, too. disappear aljout the l)eginning of the present 
era under the Germanic onslaughts Xo. They were but partially 
and only for the time supjjlanted. Even their tombs will again 
ai)pear. 

But there must first be considered the conditions existinc in 
Bohemia, Pannonia and the l)anul)e, prior to ami duriiiir the first 
centuries of the present era. 

In the east aTid north of Bohemia, the Gallic supivniacy clearly 
imposed itself upon tin* civinationists from the fifth century B. C. to 
the first century A. 1).. for fields of cinerary iiiiis. togethei' with the 
industry of the beginning of the iron age. are there mingled with, 
or are succeeded by. fiehls with urns characteiistic of the iron indus- 
try of 1 eiie or of the Gauls. There is. however, no appreciahle 
interruption of the existence of the 1 enetish tril)es wIkj had inhabited 
Ijohemia since the Tlallstadtian ]x*riod. The (lermanic I'oiKpiest. 
while crushing the warldvc Gallic element, did not destroy the in- 
digenes or builders of the crematory tombs. Thus there are dis- 
covered in these tombs Roman intliieiices subseijuent to the Tene 
]ieriod. as in those lictween the Oder and I’istula. Such is a ceme- 
tery at Dohrikov wliich received cinerary urns down to tlie fourth 
century .V. 1).. while other crematory cemeterii's continued still 
longer in existence. 

The exclusiw practice of cremation continued in Bohemia, espe- 
cially in till' north and east, till the introduction of Ghristianity. and 
is an indication of the peisistence there of customs that belonged 
neither to German'- nor to Gauls. The Gauls of the Tene (leriod 
are represented in Bohemia, as alreadv shown, by lairial tombs in 
Avhieh the ^kideton is laid on its back with iron weapons at the side. 
V ith the advent of Germans in the tir-t centiirv A. D. (just the 
period a'signed to the entrance of the iMarcomans in Bohemia), 
theie ap])ear on tile Vistula tombs in rows, Reihengraber, which ai’c 
characteiistic of tlie Germans, particularly of the Franks. 

“ Uudseet, t). 137. 
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In 1892. Xiederle “ asserted on jrond evidence that " all the lieldb 
containing urns in Bohemia l)el(>nged to a peojjle that had been 
settled there from the bronze age to the Christian period. ' Xow. it 
vill not be difficult to establish a clo.se ethnographic connection 
between this people and the Bohemian Slavs of today, and the con- 
clusion follows tliat the ancestors of these Slavs were settled in 
Bohemia before the Gallic perioil of Tene. or since the HalLstadtian 
period — that is. since the fifth century B. C. 

In the northwest of Bohemia and in Thuringia, a variable pro- 
j)ortion of place names re\eal.s the former presence of the .Slavs. 
But the Germans, descending by the Elbe. ])robably dispossessed them 
at an earlv date. This was not the cascu liowever. in laisatia. where 
the marshv region remains in possession of tlie Slavic ITends even 
to the present day. There, as in Bolieiida. tlie presence of cinerary 
urns l)ears witness to the jiermaneiice of the people that introduced 
the rite of crematiem and of its historic identity with the Slavs. The 
same was the case in the greater portion of Silesia. 

CREM.VTIO.MSl.s OF H.\I.I..S1.\ 111 lA.N Pf.KIOI) IN P.^NNONI.V -CND II l.VRI.V. WHO MIXED 

WITH (i.CLLS or THE TLNE PERIOD. I'OI M) IN RO.M.\N PERIOD WITH Ct'.STOM.S 

I.NT.ACT. 

In ancient Baniionia tlie cremationi.st~ were as much disturbed by 
a burying peoi.ile as in Boliemia. l>ut stiiwived under eien more dilH- 
cult conditions. 

In 1888 Ih’ince B’imlischgraetz distinguislied tombs of ci’emation 
and of burial side liy side in the 1 ^ 111 (^ 01 '}- of IVatscli. The former 
are to a great extent earlier than tlie latter, and pertain to the con- 
quered iieople who. as 'widenced from the mutual position of the 
graves, were imligenous. while the latter, or burial tombs, are of the 
conquerors. The.se conquerors, as we hnow. were the Gallic Scor- 
disci. Taurisci. and Boii. who advam-ed in the fourth century B. I’, 
from Bohemia to the south of the Danube. Pannonia. Illyria and 
Thrace. Tln-y mingled with the Illyrians and Thracians, and 
toward the beginning of the present era were to a great e.xleiit fused 
with them. Thus .'8trabo tells us (I'll. .■>. 2) that the Yapods. who 
occupied the primitiie territory of the Veneti on the Adriatic, in 
Carniole and the present Istria. Avere a nation half Geltic and half 
Illyrian. The cemetery of Jezerine. which illustrates this gradual 
fusion accomplished aliout the Boman jieriod. has been attriliuted to 
these ^a[)ods: but all the Ganis iiere absorbed in the same way. 
Strabo (VII. 8. 11 : .1. 2 I records the destruction of the Boii. Taurisci, 
and .Scordisfi by the Gatie and Dacians, wdio Avere kindred to the con- 
quered Illyrians and Thracians and spoke the same language. Thus 

« Li s Slin es lie Itm-e, liulletlii. lOOU. p. 74. 
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all the Gallic tribcb eiuleJ Ijy fusiii<r with the indigenes, and disap- 
peared. 

On the other hand, the survival of the native cremationists is 
definitely proved by the persistence of crematory cemeteries from the 
Hallstadtian epoch until after the conqne.st and assimilation of the 
Ganls — nay, down to the Roman period. Such a prolonged existence 
may be assigned, for instance, to the cemeteries of Jezerine. of Prozor 
in Croatia, Meclo in the Tyrol. Gnrina in Carinthia. Idria in Istria. 
and Ribic in Rosnia." where amber beads and Roman coins of 
Hadrian (117-i;ilS A. D. ) and of Antoninus (i;iS-lt>l A. D.) were 
found in the cinerary urns along.side of beads of blue glass. 

It is certainly significant thus to see in the original home of the 
Veneti the ancient rite of cremation triumphing over the custom of 
liurial imported hy the GauK, and [lersisting as the exclusivt> funeral 
ceremony under Roman dominion, at least till the end of the second 
century of the present era. 

niEXXniCATlO.N Of ( RhM.VnOMSTS OI- nxyUlA. eA>-NO.MA A.M) I’.IIHEMIA WITH 

.ANCESTORS or S1.A\S. 

This much has been established above, and it sliould be remembered 
that the natives of Panuonia and Illyria, who as early as the tenth 
century B. C. burned their dead, continued their existence in these 
countries in the presence of the Gauls and Romans. It was these 
cremationists. speaking a language that was neither Latin nor Gallic 
nor German, with whom the Romans became acquainted in Panuonia. 
Mixed and fused with the Dacians, they wi're strong enough at the 
time of the Roman coiuiuest to put on foot well organized armies 
under brave leaders. They remained, however, very barbarous, and 
their national and ethnic individuality was effaced liy the armies and 
the strong absorbing administration of Rome, tlioiigh they W(‘re not 
exterminated. Who could tlnw have been if they were not the ances- 
tors of the Slavs ^ AVhat could be the inscriptions of the AViieti in 
the northeast of Italy, which I’auli'' was able to clearly distinguish 
from Etruscan inscriptions, if they were not Slavic ? Pauli calls 
their language Illyrian. But ivhat was this language if not the one 
that Polybius called the ATnetish, Tacitus the Pannonian — the .Slavic 
of the tomb iuscrijitioiis of the old ATnetish city of A(juila I There 
i no indication of the existence in this region of anv languaires other 
than the Slavic and the two other known tongues. Gallic and Latin. 

In Bohemia, esjjecially in the east and northea.'-t. the cremationists 


" Wissp.ischafUirlie Hittliei]iiii;:en aus Itosiiien. VII. I'.Hio 

*>JI. I’auli. Die Veneder und Hire Sclinftdenkuuiler. Leinzis;. isul. p. I.'.U. 
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were never completely supjjlanted. as evidenced by fields of cinerar\' 
urns which never entirely disappeared. The Gei’inanic domination 
of the Marcomans. begun with the present era and coinciding with 
the introduction of burial tombs in rows, the prototype of our modern 
cemeteries, was directed against the Gaids, the former warlike masters 
of Bohemia, and had little effect on the indigenous cremationists, who 
were peaceful tillers of the soil. 

Thus, as regards Bohemia, it is proved that crematory cemeteries 
continued in use from the Ilallstailtian eiioch through the Teiie 
period and the lioman period, coinciding with the (Termaiiic domi- 
nation, and even after the introduction of Christianity, down to the 
ninth century; therefore the peoples who established these ceme- 
teries must have continued to live in Bohemia until after the intro- 
duction of Christianity. Xow the presence of the Slavs in Bohemia 
at the time of the Empire of the Avar.-^ is historically established. 
The natives whom Christianity found weie Slavs; conse(juently, 
the cremationists must Ix' identical with the Slavs, since in Bohemia, 
outside of the Gauls and Gt'rmans. there ne\ er were any peojjle other 
than the Slavs. 

Farther north, between the Oder and Vistula and on the lower 
Vistula, the cremationists enjoyed a longer jteriod of tranquillity, 
being spared the Gallic invasions, atid were therefore not dis- 
turbed in their customs. We find their ancient sepulchers contain- 
ing numerous urns persisting in ust' until th(‘ arrival of the Goths; 
that is. to about the beginning of the 2)resent era. 

fiERMANIC TOMBS I.\ ROWS 0.\ THE VISTCI.A. MIXED WITH CIXEB.XRV TOMBS AND 

OVERLAID BY THEM. 

It is evident that had the Gauls gone up the Vistula, iron weaji- 
ons would be found in the contemporaneous ci-ematory and burial 
tombs, as -on the Dniester, whither the Bastarni had gone, and 
on the Danube. The real introducers of iron weaiions on the Wstnla, 
as indeed on the entire eastern littoral of the Baltic, were the 
Germans. 

The encased tombs on the lower Vistula were first succeeded by 
burial tombs in rows. Eeihengriiber. which, as has been seen, also 
spread in Bohemia after the arrival of the Marcomans. There is no 
question about those Reihengrabcn- being German. The Germans 
had fibuhv peculiar to themselves, and these fibulcC. according' to 
Montelius. are met with in the Baltic provinces on the Ahstula, in 
the north and ea^t of Germany, as also in Bohemia and on the Black 
Sea. wherever the Germans settled.'' They disapiieared on the Vis- 

“ Les Slaves tie Ilai e. Bulletin, IflOo. p, 77, 
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tulii in the fifth century, more than two or three centuries after the 
successive deiiarture of the (loths. the Burgunds. and the Vandals. 
The invading (roths and Burgunds drove out the cremationists, espe- 
cially from the Baltic littoral and the left bank of the Vistula. 
Still, the burial tombs of the comiuerors are found mingled with 
the cinerary urns of the natives, as at Elbing on the littoral, to the 
right of the mouth of the I'istula. Crematory cemeteries thus main- 
tained themselves constantly down to the seventh century A. D., and 
even until after tlie introduction of C'hristianity. 

The Germaine [leoples wliii settled on the Vistula did not continue 
their distinct individuality. Like the (Jauls on the Danube, they 
were ijartially. but not completely, assimilated. Mm'eover. the Ger- 
man colonization had for its result the strengthening of their ethnic 
importance; yet neither was the older population, the cremation- 
ists, submerged by the Germans, for, on the contrary, they regained 
the mastery over all the regions first occu])ied. restoring their own 
funeral customs, as their congeners were doing in Silesia. Bohemia 
and iMora\ ia. and as their congeners in Ihinnonia had done several 
centuries before. 

MODERX ritl.us Wl'lJI OX THC MSTLL.V ARE CEMETERIES UF SLAVS. lOL’XD 

THERE RY (. UKLSTIAXITV. 

Some fifty or sixty fields with urns, which are common in Bohemia 
and Lusatia. were discovered also on the lower ^'istula, and frag- 
ments of iirokeu urns iiulicate a considerable number of them on the 
Bog. 1 hey were found in the idevations that served as intrenchments 
for the Burgunds. 

These tombs are the work of the natives while restoring their old 
customs in their homes, which for several generations had been pos- 
sessed by Germanic immigrants from Scandinavia. Thev are com- 
paratively modern. .Some of the objects found in them do not differ 
much from tho.-e now in use in .'Slavic countries. They represent the 
period between the invasion of the (ioths. the Burgunds and the 
Vandals and the introduction of Christianity. 

The permanence of the cremationists is thus established by the per- 
sistence. in face of the intru'-ion of the burying peojile. of funeral 
customs that are the expre-sion of peculiar creeds and conilitions of 
existence. 

Thus the Christian jtropaganda found there peoples who were 
Slavs and who cremated their dead. Historical documents show that 
when the Christian missionaries came in contact with the Slavs the 
latter were still practicing cremation. This one fact enables us to 
trace the genealogy of the Slav.-, for they must have been identical 
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with the ancient A'enetish creinationists. There are still further 
proofs that the Slavs are the descendants of the creniationists of 
i:..500 years ago. 

IV. 

CHRISTIAX PROPAGAXDA ON THE ODER. IN lUSATIA. AND ON THE VISTULA, 
WORE OR LESS VIOLENT WORK OF OERJIANY. 

The first preachers and bishop.s sent out to convert the .Slavs came 
to the Vistula from (Tei'inany. In their work, which was promoted by 
the expeditions of the (Terman princes of the frontier, they were 
joined by Ilohemia. 

Bohemia, which was a .Slavic state toward the seventh century, 
adopted, through its jirince. the (Ineco-Slavic cult toward the end 
of the ninth century, after Kotislas, the grand duke of Moravia, had 
the apostles i\[ethodius and Cyril brought before him. But the 
German clergy won Bohemia ov(*r to Eomau Catholicism, and in the 
tenth century it was itself the propagator of this faith among the 
other Shivs of the north. It was thus only in the second half of the 
tenth century that Christianity liegan to olitain a foothold between 
the Oder and the Vistula, and it does not seem to have taken deep 
root in Pomerania before the twelfth century. TIelmold. a ]iriest 
of Liibeck. who was sent in llo.l to evangelize the Sla\'s, sjieaks of 
them as a "depraved and perverse nation." and their country is to 
him a land of " horror and a vast solitude." In his work, ('hron'ieon 
Sluronnn. he treats in particular of the peoples who advanced far- 
thest eastward and were thus inclo.sed in the German colonies 
between the Elbe and the Oder. Being familiar with the Slavic 
tongue he iiut under contribution for his book such works as that of 
Adam of Bremen of the first half of the eleventh century: also 
written traditions as well as the oral narrations of old Slavs who 
“ preserved in their memory all the deetls accomplished by the bar- 
barians." He knows veil, ami admits, that the German Christians 
committed depredations on the heathen Slavs, which sufficiently 
explains why the latter so long re-isted the new religion or abandoned 
it after having accepted it. He .says, among other things: 

Of the whole Slavic nation, wliich is divided into provinces .and principali- 
ties. the Itugii are the most <)l)stinate in tlie darkness of infidelity, and they 
persisted in it to our time. 

It is. in fact, known from the mythology of the .Slavs that the 
Slavic inhabitants of the i.sle of Ilugeii were still attached to the cult 
of Svantovit in the middle of the twelfth century, and from time to 
time offered human victims to him, preferably Christians. 


SM lUOU 
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fREMATIO>; PROSCRIBED BY CHRISTIANITY. 

In a pastoral letter, ivritten in 110s by Archbishop Adelgott, of 
Magdeburg on the Elbe, in the northwest of modern Lusatia, is read : 

These cruel people, the Slavs, have risen against us. They have profaned, 
by their idolatry, the churches of Christ. * ■» * They have invaded our 

land. * * They have cut oft the heads of Christians and offered them as 

sacrillces. Their fanatics — that is. their priests — say in their feastiiigs : " It 
is our ITipegala who wants the^e sacrifices. Eet us rejoice." They say: 
" Christ is vainiuished. The victory belongs to I’riiiegala. the victorious." 

Priitegala, Propiekal. is the personification of the action of burn- 
ing: prc pjcl'nc. a word still in use in the Pannonian Slavic dialect. 
It is known that the Slavs before or after tlie burning of their dead 
ofl'ered sacrifices and united in a funeral iiieal. Tnjzna. This custom 
was in vogue with tlie Slavs of the Dnieper, as well as with those of 
the Oder. 

In the C’hronique de Nestor (p. <>T, edition Leger) is read the 
following account ; 

Vladimir (who was about to he converted l went to Kiev to offer with his 
tioople sacrifices to the idols. The old peoiile and the iihds said ; " Let us draw 
by lots a young man and a young maiden, and uixm whom the lot shall fall 
shall lie sacritieed to the gods." The hit fell to the son of a Christian Variag. 
T'he father refused to deliier his son and locked himself up with him in his 
home, d’hey were hotli si. tin. " In another ease. Vladimir desiring to offer 
sacrifices to Peruii, Itazliog. etc., the people offered their sons and daughters. 

s' i! SS •• 

From documents collected in ISC.S by Kotliarevski it follows that 
the pagan Slavs of tlie Dnieper, wlio practiced hotli burial and cre- 
mation. not only held banquets iu lionor of tlie dead. Tfjjsnu. •• meal 
of the dead." but also offered sacrifices. The women in particular 
allowed themselves to be luirned on the funeral pyre of their hus- 
bands. According to a document relating to the destruction of 
jiaganism in Novgorod (!>1S8). the most usual sacritice consisted in 
the killing of horses. As regards the cremating of the dead, the 
Chronique de Nestor is positive: 

When one of the Kadiiiiitches died they celebrated a t) u:iiu around the corpse, 
then they raised a great jiyre. jilaeed the dead on it and set it on fire. After- 
wards they g.ithered the hones, put them in a snmll vase and placed the vase 
upon a column on the edge of the road. The \’iatitehes still follow this custom. 

Ibn Fozlan. ayIio Avent as ambassador in the year i)'2'2 to the Bub 
gariaris on the A oli^a, relates that he assisted at the cremation of a 
Russian. Due of those })resi*nt said to him: 

You Arabs are a tunlisli people: you pla<-e your dead iu the ground where 
they are devoured by aniiiuUs aud vermin. We bum them in an instant, that 
they may tly to paradise. 
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A Chech chronicler, Co.snia.‘'. of Ih'aguo. of tlie twelfth century, in 
relating that Brzetislas endeavored in 109-2 to suppress the custom.s 
connected with the pagan cidt, .says: 

He al)i)lislied the sepuli-hres made iu the woods and fields and the feasts cele- 
brated after the pajiaii rite in the oReu places and crossroads for the repose of 
the souls, and likewise the prof.-ine pla.vs in which tho.v iiidulfjed over the bodies 
of the dead, disturbing their manes and celebrating the lu.vsteries. * * * 

There was thus a systematic campaign against the ancient rite of 
cremation, for it was the exjn-e.ssion of the ojipositt' creed, the occa- 
sion and center of the pagan e(>remonies. 

IVhat Cosmas says of the Chechs of the eleventh and twelfth cen- 
turies. Otto of Bamberg, who became accpiainted with the I’oles. 
records of the Baltic >Slavs of the middle of the twelfth century. 
Ife forbids the " burying of Christians among the pagans in the 
woods and fields." The result of such a prohibition was the aboli- 
tion of cremation when once Christianity became the master of the 
country. 

It is needful. ho\\e\'er, to mitice that on the I'istula. as well as in 
Bohemia and Lusatia. elements of (lerman origin inlluenced the 
Slavic peoples eieii before the official introduction of Cliristianity. 
The burying immigrants affeeteil not only the customs and manners 
of the natives, but lu'ouglit alxuit imjiortant modifications in the 
conditions of their existence. AVlnm tin- first immigrants from Pan- 
nonia came to the ti-rritory 1x4 ween the Odc-r and Vistula, this entire 
region was still cox'ered with dense. ini[ienetrable forests. The clear- 
ings began with the arri\al of these creniationists. w)m for each of 
their (.lead needetl a supply of woo(.l. They also burned the forest.s 
to provide spaces for cultivation, though this was not widely itrac- 
ticed. for the population grew fait slowly in tin- centuries before the 
prescmt era. and foi-est i-i'sonrci's in ganu- readily supplied the neces- 
sary food. AVith the in\asions of the (b-rniaiis, however, about the 
Ix'ginning of the present era, the natives found a refuge in the still 
intact forests, being pushed toward the south and east. Aloreover, 
these invasions residted in a light increase rather than a decrease of 
the pojmlation. The indigenes became more numerous, better- 
equipped. more attaclu'd to the soil, and better able to hold and cul- 
tivate it. Large tracts of forest were then cleared by tire, and the 
j)opulation grew apac-e. 

PFKSISTENCK OF ( L STOMS, FSAOKS. AM> OKESS OF I f A LI.STADT IANS OX THE UPPEli 

ATSn'EA AM) IN .MORAVIA. 

Although the rite of cremation may not have persisted everywhei-e 
down to the intro(.luction of Christianity, yet the customs symbolized 
by this rite were not altered in the same degree as the changes in the 
conditions of existence. Here, as elsewhere, jtm-ely pagan irractices 
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and ideas secretly survived, though the Catholic religion became 
dominant. As late as the thirteenth century the funeral fetes of the 
Gentiles, as the I’olish chronicler Kadlubek testifies, still continued 
iniimpaired. Still more must this have been the case with such cus- 
toms and manners as did not concern religion. Great revolutions 
mav talte place among a })eoj>le witliout greatly affecting the habits 
of life. The most simple usages are the nio-t lasting, because of 
their simplicity. This is the more so with agricultural peoples, whose 
wants vary little, tlie most ])rimiti\e objects and customs persisting 
through all external changes. It is a mere general ethnographical 
observation to assert that the oltjects found in the urn fields of 
Bohemia, the Oder, and the Vistula, after the introduction of iron 
implements and arms, are of the same material civilization as sur- 
vives in these rt'gions to the present time. 

F/rnxoiiRVPHR cAUAi.i.ci s iikt\vkk.\ nr.KTOxs ami iNHAnixAxrs or the car- 
P.VrHTAXS THEIR 11 AI.I.STAIIT I A N AMI C.ALI.U' ORIOIX. 

Metal ware manufactma'd liy the Slavs, and dresses, especially in 
the Carpathians, are decorated in the same manner and with the 
same motifs as the obji'cts of Ilallstadt. The dress embroideries in 
Moravia and Galicia as far as the Ukrain thus recall a df'corative 
system which was already spread with the Hallstadtian civilization. 
If the same costumes, the same (mil.iroideries. are met with, for 
instance, among the Houzouls of the Carpathians, the descendants of 
the Bastarni. and among th(' Ruthens of Galicia, on the one hand, 
and among the Bretons on the otheic it is appanmt that it is not 
merely a (piestion of accidental analogy. And if these analogies can 
be explained in no other way than that these peoples must have pre- 
served common models through the ages, it must also be admitted that 
these common models must have had the same origin, and that conse- 
quently there was a contact lietween the ancestors of these peoples. 
Xow. such a contact had really taken place. The Gauls, whose center 
of expansion was the U2)per Danube and the upper Rhine, became 
masters of modern France during the iron age. at the TeiU' jieriod. 
immediately after the Hallstadtian period. At that very jjeriod they 
mingled with the Slavs in Bohemia and the Danube, and expanded as 
far as the Dniester. Thus these ethnographic similarities have their 
source in the Hallstadtian civilization of central Europe, and for their 
origin the double movement of the Gauls at the beginning of the Tene 
perioil. westward on the one hand, and toward the center and the 
east on the other. The existence of the same ornaments, dresses, and 
customs in regions so widely se[)arated as Bretagne and the Car- 
2)athiaus constitutes in itself a protif of their antiquity, going back 
to the Hallstadtian j^erioil. xvlien alone these diverse jteojiles came in 
contact. 
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HEADGEAR OF HALLSTADTIAA PERIOD STILL USED OM THE UPPER VISTULA. IM MORAVIA, 

AND THE CARPATHIANS. 

The covers of the urns are a perfect facsimile of the hat of horse- 
men represented in repoii.sse on the scabbard of a sword of Hallstadt. 
On the fam<)u.s .stele of the cemetery of Watsch, near Laibach, which 
is Hallstadtian, figures are rejiresented some of which wear pointed 
caps similar to our cotton caps; others have toques with ornamented 
crowns. The stele is of Venetian niamifacture. and some of the urn 
covers reproduce quite accurately the quoit-shaped bonnets of certain 
of the figures which are of the Wnetish type. 

The kinds of headgear thus represented are still worn by the .Slavs, 
whose kin.ship with the cremationists has lieen otherwise estalilished. 
On the Upper Vistula the hat is seen as a truncated cone, commonly 
worn by Italian boys. The felt hat, especially with raised or turned- 
up rims, remained in use in the very region of the ancient urn fields. 
It was such a head-cover that decorated the idols, the four-headed 
statues of Svantovit, such as the one found at Zbrucz in Galicia. It 
also survives in tlie Carpathians and Moi’avia, worn liy all ages and 
classes The close relation between these hats and those worn by the 
cremators is evidenced fi'om the fact that they are seen only in the 
regions of the Hallstadtian crematory cemeteries and where urns 
with covers representing them are found. 

This headgear represents a part of the dre.ss and manners of the 
cremators who made the figured urns. As their descendants are 
Slavs, so they themselves were .Slavs. 

Kinship is based on physical relationship, though neither ethno- 
graphical elements common to two peoples nor even intellectual and 
moral resemblances, implying the identity of language, will always 
absolutely suthce to er,talj!ish it. In tliis case, however, the question 
is of two peoples who in the course of time became one with no break 
in their e.xistmicc on the same .soil. Two jieoples thus following one 
anothei' must have some blood relationship, some kinship, even if 
their customs were not the same, but here the customs remained 
identical from age to age. Ethnographical similarities in this case 
therefore prove a certain bond between the peojiles. one of whom was 
the heir of the other, and that there has been no (‘tliiiic severance, no 
substitution of one people for another. .Still, demonstration of com- 
plete ethnic idmitity must, above all, rest on identity of physical 
characteristics of the two jieoples: it must consist in a comparative 
study of their crania, but unfortunately we have none of these to 
study, for they were all cremated. We must therefore resort to indi- 
rect means to determine their jirobable physical characteristics. 

The burying people that settled in the north during the stone 
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age was market! by an elongated skull, a generally high stature, 
and other features that permit us to term it blond dolichocephalic. 
In the burial tombs of Hallstadt. as also in those which appear 
about the beginning of the present era on the Vistula and in 
Bohemia, this tyjie is exclusively found. Judging from the skele- 
tons collected from the burial tombs, it can be said that the entire 
north, from the Danube to the Baltic, was occupied by this blond 
dolichocephalic people tmtil several centuries into the present era. 

IVhen the cremationists <‘eased burning their dead the aspect of 
things completely changed, and their crania begin to appear. We 
then perceive that the inhabitants of the very regions where formerly 
only blond dolichocephales were found are composed in the majority, 
and here and there exclusively, of people of medium size with a 
round skull or of the brachvcephalic type. It therefore follows 
that the cremationists were brachycephalic. Xow, brachycephaly 
is at present the essential, in fact, the only characteristic which 
connects with one another tbe great majority of the peoples of 
Slavic tongue. 

Those peo]de who introduced bronze in the Occident also introduced 
the rite of cremation; they early mingled with the indigenes. 
Directly and through its influence upon the indigenes we know that 
that people Avas l)rachvcephalic, with dark skin and medium or short 
stature. They spread from the Danube toward the west during the 
bronze age, especially toward its end. We reserve for this people 
the name of Liguri. Before them came another people with the 
same characteristics, larachycephalic and of the same origin, that 
settled on the Danube. For this ]>eople the name of Veiieti is set 
apart, although it does not comprise all the brachycephales of the 
Danube and never belonged to those of the eastern zone of its 
territory. 

This settlement took jilace, as has been seen, at the beginning of 
the iron oi' Ilallstadtian age. These cremationists gain ground and 
gradually become masters of the territory, at least north of the 
Adriatic and in I’annonia. We have none of their crania, and even 
ill the countries where they constituted the (mtire population we can 
not determine their personal appearance by dinad observation, since 
they burned their dead. But we have the crania of their direct 
descendants, iianudy. of those cvlio ceased cremating their dead under 
the influence and the injunctions of Christianity, and the^e crania 
are of thi‘ brachycephalic type. These brachycephales, who from 
the Danube expanded northward as far as the innermost part of 
Russia, can be traced wherever there are Slai's, losing somewhat onlv 
in the intensity of tluur primitiA’e characteristics in proportion as 
they are remote from their point of departure, thtur center of 
<'xpan>h)n. 
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By tiEORH FRIEnERICI. 


I. 

The habit among tlie American aborigines of scalping fallen ene- 
mies, and of carrying otf tin- secured piece of skin and hair as a 
trophy, was a wholly new sight to the early American voyagers and 
settlers. The first edition of Herodotus, with his account of scalping 
among the Scythians, appeared in l.lO'i and was accessible to a few of 
the learned only, and ethnological information concenung other 
primitive races was wanting. 

The word scalp is English and originally signified a shell or 
the crown of the head. Its use in the present sense is cpiite recent: 
even well toward the end of the seventeenth century one reads only 
of skylines with the heades and crownes." '• cut off their haire round 
about," " skins of tho.se heads." " haire skulls of his enemies," " the 
skin of their heads Hayed off." "crowns, or haire and skinne of the 
head." and similar terms. In inr.-i. however. Josselyu employed 
" the hair-scalp," and since then the term came gradually into gen- 
eral use. In the beginning of the eighteenth century Lawson and 
Byu’d used simply scalp, or sculp. In French, fierman. and Dutch 
writings the evolution of the term progressed also very slowly. 

So far as the author couhl a-ccrtain. it was Francisco de Garay 
Avho, in l.j^O. made the first acquaintance with the Indian habit of 
scaljjing. This occurred during De Garay's unfortunate expedition 
to Panuco. The accounts are. however, so brief and the procedure 
was so little characteristic that only an extended knowledge of the 
custom enables one to recognize a modi* of scalping. It consisted in 
this particular case in cutting off the slvdii of the entire head and 

« Scalpiereii and iilmlk-he KriegstreUrauclie in Amei-ika. InauOTi’al-Disserta- 
tioii zur Erlaiiguii^' der Duktorwlirde der I’liilosopliisclieii Falviiltiit der Fni- 
versitiit Leipziji. A oreelet von Geor^ Friedei'ivi. Braunschweig. Druck von 
Friedrich Vieweg und Sohn. UMpij. Octavo, pt). vi. 1-172. with colored map. 
folded. Abstract, with the author’s perniissiou, of pages 1 to TU. For detailed 
bibliography see the original. 
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face, with hair and beard, which was shown to be the habit among 
the Chichimecs to the regions of Jalisco and Michoacan. 

The first writer who gave an account of typical Indian scalping 
Avas Jacques Cartier. During his second voyage in 1535 he was 
shown by the natii'es of Hochelaga ([Montreal) five scalps of their 
mortal enemies, the Toudamans. These scalps were already dry and 
stretched on small wooden hoops. The Indians of Montreal spoke 
the Huron-Iro(piois language. 

A feiv years later, in 1540, the habit of scalping is met with by 
De Soto in the south, among tribes speaking the Muskhogean. One 
of De Soto's men, Simon Rodriguez, was scali)ed near the Appalachian 
Bay and his comrade Roque de Yelves barely escaped the same mis- 
fortune. Alonso de Carmona gives on this occasion the first clear 
account of the mode in which the Indians take the scalp and of the 
A’alue the trophy has for them. 

The next information concerning scalping comes from Florida, in 
1.549, and is soon followed by the impoidant data of Tristan de Luna 
on the warlike natives of (leorgia and Alabama, and of Lauclonniere 
on those of Florida. By 15fi5 the reports concerning the usage pre- 
sent already a fairly complete jiicture of scalping and the various 
details connected with it, and this picture is made more precise 
through the ethnologically valuable drawings of Le Moynes, pre- 
served bv De Bry, 

Meanwhile the presence of the custom ivas reported by Ulrich 
Schmidel from Jiouth America. The secretary of Cabeza de Vaca 
was not so ivell informed and speaks only of cutting off the entire 
head: this refers very likely to the Guaycuru-Mbaya, who. in com- 
mon with all related triiies of the Chaco, first cut off the heads and 
then scalp them. 

During the last third of the sixteenth century there are scarcely 
any further accounts of scalping, but the first decade of the following 
century shows three good reports: That of I.escarbot, from Nova 
►Scotia: that written by Captain Smith in A'irginia. and that of 
Chami)laiu. dealing with the territory of the St. Lawrence. Cham- 
plain's experiences and observations are especially valuable and well 
show’ the usages connected with scalping. In 1003 this author 
attendetl a great celebration of a victory by the united Algoncjuin. 
Montagnais, and Etchemin. They had secured some Iroquois scalps 
and Avith these theii- Avomen performed a scaljA Alance. In IfiOfi 
Champlain accompanied the united Algonquin. [Montagnais, and 
Huron on a war expedition against the Iroquois. The battle took 
place in the neighborhood of the jn’esent Fort Ticonderoga and the 
Irociuois. Avho for the first time faced firearms. Avere defeated. Here 
t hamplaln personally AvituesM'd. Avith all the other horrors of Indian 
warfare, the scalping of the dead and of the tortured prisoners, and 
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be was also present at the reception of the returning victors, laden 
with scalps, at Tadoussac, As the flotilla of canoes neared the settle- 
ment, the women threw otf their clothing and swam to the boats, 
where with cries of triumph they took the scalps into their care. 
Then followed other festivities and dances, and toward the last 
Champlain himself was presented with a scalp. 

After Champlain the reports concerning scalping are very fre- 
quent. 

II. 

GEOGRAPHICAL AND ( IIROXOLO(iICAL EXTEXSKtX OP SCALPING DEVPXOP- 

MENT OP THE SCALP FROM THE IIEAn TROPHY REMARKS ON HAND, 

EAR. AND FINGER TROPHIES. 

Scalping in its commonly known form and greatest extent was. as 
will be shown later, largely the result of the influence of white people, 
who introduced firearms, which increased the fatalitic' in a conflict, 
brought the steel knife, facilitating the taking of the seal]), and 
finally offered scalp premiums, which so stimulated the, hunt for those 
objects that tin* removing of whole lieads was abandoned. It is cer- 
tain that head taking preceded scalp taking and that the latter was 
a development from the former, induci'd by the inconvenience and 
other difficidties which attended carrying olf tlm whole head. This is 
not merely a rational deduction from facts, but is confirmed in some 
of the old reports and by the Indians thein.-elves, and is a logical con- 
sec]uence of the conception common among the Indians and many 
other primitive peojiles that a part of the body may be e(iuivalent 
to and completely represent the whole. If an enemy is killed or 
their own warrior dies near a settlement, then the whole body is 
brought over, to be maltreated to satiation in the first nr receive the 
proper honors in the second instance. If the distance from home is 
greater, the body is cut into pii'ces that can be trans])oi’ted, or, if even 
this would be attended with difficulty, only the head and oossibly 
a hand are brought in; nliile under still greater difficulties of trans- 
jjortation it is the jaw alone that i-. lirought, or more comnionlv the 
seal]). This shows the signification of the seal]) lock. In cases where 
a scalp had been taken and the head was cut oil subse([nentl\', w(' 
are confronted with a case of mutilation; such a head was never 
regarded as a tro])hy, but was maltreated and thrown away. This 
briefly sketched de\'elo]mient of the practice of scalping can be fol- 
lowed especially well among the Algonijiiin. 

Very good evidence for the assumption that the scalp trophy was 
a develo])ment of the head troj)hy and that the Indians were origi- 
nally all head-hunters, is aftorde.l by the native ])ictography. In this 
the scalped bodies are always represented headless. 
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The opinion is quite general that scalping was practiced by all the 
Xorth American Indians, and that it did not exist in South America. 
Both of these notions are erroneous, for notwithstanding the fact 
that the habit spread greatly after the discovery of Xortli America, 
yet there are immense stretches of the country where scalping was 
never in vogue, and on the other hand the usuage has been encoun- 
tered in Chaco and the Guianas. 

To establish exact boundaries to the regions where scalping was 
practiced and where it was not, is impossible, and so likewise as to 
the period of lime. Similar difficulties are also met with in regard to 
head trophies and allied customs, so that all conclusions are only 
approximations, caused by the complete lack of records in many cases 
and an incompleteness of the information in others. 

Farrand, in his Basis of American History, says Scalping was 
a custom over the whole continent north of Mexico, e.xcept at certain 
points on the Pacific slope and among the Eskimo.'’ The only uncon- 
ditionally correct part of this statement is that regarding the Eskimo, 
among whom the liabit seems actually to have been Avholly unknown. 
Of the neighbors of the Eskimo, the Athapa.scan of the north and 
northwest [)racticed no scalping, while the Thlinkit did so only in a 
restricted and not characteristic manner. On Hudson Bay , in 
Labrador, and toward Newfoundland the Eskimo lived near the 
Algonquin and Beothuc. of which the former toi)k many an Eskimo 
scalp, yet the habit was not communicated to the latter. In the 
eighteenth century the Nottaway. on Moose Kiver. at that time great 
enemies of the Eskimo, imposed on their dei^endent Montagnais 
tribes a yearly tribute of E.skimo scalps. 

The Eskimo of Bering Strait took the whole heads of their fallen 
enemies as trophies, but they learned this custom from the Thlinkit, 
and were the only branch of the |)eopl(‘ who practiced it. 

Being neither scalpers nor head gatherers, the Eskimo were famed 
for the mutilations which they practiced on the dead bodies of their 
enemies. The^e horrllde mutilations were a potent cause of the great 
hate felt toward the peo[>le by all the neighboring Indians. They 
quartered the bodie--. cut or tore them into jiieces, abused them, and 
threw the remain?, into the water. 

The tribes of the Athajaiscan linguistic family, the neighbors of 
the Kskimo along a gieat stretch of the country in the north, also, as 
a rule and in theii’ old abodes, never scalped. They likewise did not 
practice head-hunting. In only one of the many reports concerning 
these tribes has the writer encountered a note that one of them, the 
Tjoucheux, took otl with them on one occasion as trophies the lower 
jaws of tludr fallen enemic'-. Even the so-called western Athapascan, 
namely, those who are settled west of the Eo'dvv Mountains on the 
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Frazer and other rivers, did not generally practice scalping; never- 
theless, some of these tribes, probably those that had relations with 
the more eastern peoples, have adopted the custom. These were 
the so-called Carriers, tlie Sicaunies, Talcotin. and Chilcotin. The 
Athapascan on the Churchill have also learned to scalp from their 
Algontpiin neighbors. 

As to the southern tribes speaking the Athapascan and including 
the Apache. Lipan. Xavaho. etc., scalping seems also to have been 
originally unknown among them, but through contact and mixture 
(Xavaho) with neighiioring tribes who practiced the same, after their 
many wars and after the Mexicans’ otfers of premiums for scalps, 
they also adopted the custom to some degree. Ten Kate denied this, 
and other observers write nothing of scalping on occasions when the 
Apache would have surely taken the trophies had they cared for 
them. Even the scalpings reported from Chihuahua and Durango 
need not have been committed by the Apache, Imt may have lieen 
due to other tribes, parties from which occasionally invaded that 
territory. Xevertheless, there is the evidence of Gregg. Ruxton, 
Frbbel, iMiillhausen. and Dandelier that scalps were taken by bands 
of the A])aehe and also the Lipans. The Xavaho, strongly mixed, 
hail a tradition of scaljiing done by their ancestors. The Hu]ia in 
California lived away from the regions of strife with the scalping 
i‘astern tribes and ivmained evidently free from the habit. 

.Vll th(' Athapascan-sp('aking peoples, and particularly those that 
lived in the north in the j)roximity of the Fskimo, mutilated the dead 
of their enemies. 

The whites v ho came lir-t in <-ontact with the Algonquin found 
among them two classes of war tro]'/hies. The tribes on the lower 
St. Lawrence, in Xew Brunswick, Xova Scotia, along the Delaware 
and C’hesapeak(' bays, down to Carolina, practiced scalping, wdiile 
the Algomiuiii who wer(> settled in Xew England and eastern Xew 
’l ork, along the Hudson, did not scalp, but ivere head-huntei’s. Hotv- 
('ver. even among the tirst-nanied tribes, the custom of scalpinc' was 
by no means as fully devtdoped and as general as it became lati'r on, 
a.nd cutting oil the eiitiia* Inaid and scalping a severed head waua' also 
observed, d he tribes of the IIuron-InKiuois and the IMuskhogean 
linguistic families behavial in a similar manner. 

M Idle the Algomiuin of the lower St. Lawrence, Xew Brunswick, 
Xova Scotia, and northern Maine practiced scalping at the time of 
the ad\ ent of the whites, those farther south, as far as iNew Jersev, 
were head-takers only. This jteculiarity is explainable by the com- 
parative isolation of the hitter between the sea and the mountains on 
the west, and by their limited intercourse with other tribes speaking 
the same language. From Chesapeake Bay down to Carolina scalp- 
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iiig was again found. These Algonquin were separated from those 
speaking the same language farther north by tribes speaking Iroquois 
and who practiced scalping, and the habit was also met with on the 
lower Delaware. 

The great mass of the more western Algonquin became known to 
the white'' much later and the custom of scalping was found among 
them fully developed. Xotwithstanding this the old habit of cut- 
ting otf the entire head cropped t)Ut here and there on favorable occa- 
si(jns; this wa^ particulaily the case at the siege of Detroit by the 
associated tribes under Pontiac. Finally, what has l)een said of the 
central Algonquin is also true of their relatives of the plains, the 
Blackfoot, Cheyenne, and Arapaho. 

The Hudson Indians, who originally l)elonged to the scalping 
Algonquin, llKtngh there is no rece>i'(l that they have ever l)een ob- 
served by the whites to practice the custom, gathered for a time a 
peculiar kind of a war trophy, namely, the hand. The development 
of this peculiarity can be traced to the introduction by the Dutch of 
negro slaves and the reward offered by the owners, according to a 
widespi'ead habit in .Vfrim, for the I'ight hand of e\ery slave fugi- 
tive. The Indians engage<l in the i)ursuit of such fugitivi‘s just as 
the whites did. Later on. when dilliculties arose between tlie whites 
and some of the natives a reward was set by the former on the hands 
of tlie Indians, and in the so-called Esopus war hands of the fallen 
were cut titf and carried away as trophies l)oth by the Hollanders 
and hy the Indians. With, or even before, the end of the Dutch 
dominion the mage* cea.sed and was eventually replacfal lyv the 
practice of takijig scalp-^. for which premiums were (jffei'ed by the 
English. 

Hie Newfoundland lleothuc exercised, accordino- to Thevet. the 
custom of Scalping in its primitive form. 

The Hnrou-Ii'oqiiois were accused of lieing the prol)able originators 
of scal[)ing in North .Vmerica, but it seems that if there was any 
single point where the pi'actice was develo[)ed and from whence it 
spread, it must be [daced farther south, toward the (iulf of Mexico. 
It was common at the time of the discovery in Florida, and its spread- 
ing thence waaild also explain its occurrence in the (xuianas. ddie 
Iroquois may have ac(|uii’ed the custom through the C’herokee. whose 
legends speak of it as of an old habit, and through the Tuscarora and 
Siisquehannock. 

Among the peoples speaking the Tiniucua and Muskhogee scalping 
was found by the first whites to be general. In fact, the custom ex- 
tended all over the territory of the present Gulf States, on both sides 
of the Mississippi, among the Natchez and Tonika tribes, and farther 
on to the t’addo of Texas. In the last-named territory a good illus- 
tration of the mode of the development of the practice was furnished 
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by the Ceni. On return from one of thinr war ex}>editioiis the war- 
rior^ brought some scalp"^, bnt the women who accompanied them and 
with whom it was not of snch importance to go unencumbered carried 
whole heads of the enemies. 

4Yith the tribes of the Sioux family whites came into contact rela- 
tively late, but from all the extant accounts of these tribes it may be 
safely concluded that scalping was quite common, though of a later 
development than among the Huron-Iroqnois and the iluskhogee. 
The western Sioux were known up to comjiarati rely recent times to 
cut off on some occasions the entire heads of the fallen and then scalp 
them leisurely at the first halting t)lace. 

The Osage, according to some Kiowa reports collected l)y Mooney, 
are said not to have Ijeen scalp hunters: yet we have several very goo<l 
and detailed accounts of this very people, showing that they did prac- 
tice scal])ing in the same manner as all the other Plains tribes, ami 
that they were among those who jireserved longest the ceremonies and 
mourning usages connected with the trojffiy. 

So far as the mounds in th<‘ eastern part of Xortli Ameri('a are con- 
cerned. traces of sculping were never discovered. Pieces of animal 
skin were found in the mounds, bnt never a scalp, yet all the tribes 
who were in the lialiit of taking the scalp lock knew well how to 
prepare it. and thes(' trophie.- were oftim lairied with their owner. 

The Shoshone and Fviowa scalpeil to some extent, but here, as ePe- 
where, the cU'tom received a stinuiliis through the approach of 
whites. 

So far as the New Mexico and Arizona Pueblo are concerned, 
there is no mention of scalping in the reports of the first explorers, 
such as iiarcos de Niza, Castaneda. Coronado, or Espejo: but later 
repoi'ts permit the conclusion that scalping was neviu'theless quite 
an old custom among them, though practiced in a jn-imitive and less 
striking form. 

Of the tribes speaking the Piman dialect^, some scalped and some 
did not. Among the former were the Opata and Ihqiago. among the 
latter the Pima themselves and the Acaxee. Of the Yuma s]ieaking 
jieoples the INIoh.ave, 4 tuna, and Seri scalped in a juimitive manner, 
while the tribes of the Californian iteninsula. though showing certain 
liiiii' cult, were head and not scalp hunters. 

In California, which was occupied by tribes of more than a dozen 
linguistic families, some of the peoples scalped, others took head 
trojihies. still others eyes or ears, while some took no trophies at all. 
To give details concerning the many individual tribes is impos- 
sible. Neither the scaljung nor the head hunting appears to have 
l)een practiced intensely or characteristically. So far as the eai- 
trophies are concerned, it is possible that the custom originated in 
this region. It was practiced extensively in California. Arizona. 
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Xew Mexico, and northern Mexico by the Spanish soldiers. The 
ivj’itcr has not found that the habit existed anvivhere else in Xorth 
America, except as a punishment for marital infelicity. In one in- 
stance it was observed, under special circumstances, among the 
Aztecs. On the other hand, the ear trophy was very coniinon under 
Portuguese and Brazilian dominion in .South America, and ears 
were delivered to the authorities by Indians, mixed breeds, and 
whites. lAe learn that as late as the first half of the nineteenth cen- 
tury a Brazilian commander brought in 300 ears. 

The custom of taking the eyes of the fallen as trophies was also 
very nearly limited to a part of California, being found in addition 
only among the Tupi. The eyes were taken out. prepared in a 
special manner, and preserved in memory of the victory. 

Information concerning war customs among the tribes in the 
Xorthwest is also not definite. As Lewis and Clark reached the ter- 
ritory of the Shahaptin and Chinook, they were surprised to fiml for 
the first time since leaving the ^Mississippi an absence of scalping 
and the presence of finger trophies. It seems, howevei'. that the 
finger trophy custom was not ividespread or followed to more than a 
moderate degree. It ivas apparently a remnant of a ])ractice that 
was more widely distributed in the MTst before the advent of scalp- 
ing. After the vi^.it of Ia'wIs an<l Clark, tribe- like the Xez Perce, 
Flathead. Kutenay. and Cayu-e carried on scalping. 

The cutting ofi' of fingers was found also among other American 
tribes, some of which lived far apart. It was reported from the 
Iroquois, Huron. Algonquin, and Tupi. luit in most of these ca-e- 
the object was not to secure a trophy, but rather to mutilate the 
dead body, jiartly as a result of hate and partly as a [uecautionary 
measure to prevent harm by the spirit of the killed. The severed 
fingers were especially those used in am)w release. The Araukanian 
employed fingers cut otf from their enemies in their svmbolical 
declaration of war. 

Begarding the coast tribes of IVashington and northward to the 
boundaries of the Lskiino. we liave many .-eeminglv contradictory 
statements. Xe\ertheless by a close study of these it is jiossible to 
arrive at some facts. 

Ihe warlike Chimakuan tril>es were head-hunters, but later on 
])racticed scalping. The Salish. Aht. or IVakash tribes, the Haida, 
Tsimshian. and Koloshan were all originally head-hunters, but in 
lat(‘r times adopted here and there -calpiiig after an intermediary 
form of procedure. They never practiced scalping to any creat 
e.xtent or in its characteristic form. 

In Mexico the farther south we go the more rare the habit of scalp- 
becomes: its place is occujiied by the head trophv. 

So much for the distribution of the custom in Xorth America. 
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In South America we find two foci where the habit of scalping i^re- 
vailed, namely, in northern Argentina, Paraguay, Chaco, and the 
Guayanas. The method here consisted of decapitation (cutting off 
the entire head) and then the. painstaking removal of the scalp: and 
in general it underwent no change during several hundred years. 
The scalp lock was also not as highly prized as among the Indians 
in North America. It is true that it was an object of i^ursuit and 
regard, worn by the women in the scalp dance and flaunted at the 
enemy before combat; but, besides the scalp, there could be found 
in the hut of the Chaco Indians also other trophies, such as skulls, 
calvaria, pieces of skin, prepared beards, etc. Furthermore, the 
custom did not spread in time to any large extent. The trophy of 
the majority of the South American tribe.s was the whole head. 
The limited extent of the practice of scalping even among the Chaco 
peoples can probably be attributed to the absence of firearms and 
steel knives, a.s well as that of scalp premiums, such as were offered 
elsewhere by the white.s. The absence of firearms was due to strict 
rules made by the Sitanish against their introduction among the 
natives. 

Concerning Guiana, we have the trustworthy statement of Sted- 
man that scalping was practicecl by the Carib. As to the Antilles 
we know but little. C’olumbus found somi' heads, in all probabilities 
trophies, in the dwellings of the aborigines uf eastern Cuba. On 
his second voyage his men fouml the heads of tlieir eojurades. who 
had been left ashore and were killed by the natives, in the hands 
of the Haitian. Chaiica found skull tropliies among the Carib of 
Guadalupe, and in another place we read of a head in a cooking 
pot. The boiling of the Imad served to make its cleaning easier. 
Besides heads, there were found in the huts of the Carib the whole 
upper part of the .skeleton, flutes made from human bones, and arrow 
points from the same material. According to all indications, the 
head was the [n'incipal form of trophy all over the Antilles and even 
in the Guianas. 

The negroes of the Guianas and the Maroons in the Antilles 
brought with them their own forms of trophies. The.'^e were first 
of all prepared right hands, but also heads, with which the negroes 
played ninepins, and lower jaws, with jmrtions of the scalp, which 
Avere used in Avitchcraft practices. Pinckard reports. hoAVCA er, eA^en 
true scalping among the Bushmen settled in the Guianas, though no 
such custom Avas met there lArevioiisly by Stedman. 

The question arises as to how the occurrence of scalping in the 
Guiana.s is to be explained. It Avas not introduced bt' the negroes, 
for, Avith the excejjtion of its occurrence in the nineteenth centurv in 
Dahomey, it Avas not kuoAvn on the Dark Continent. The custom 
Avas highly developed among the Timticua peoples in Florida, yet the 
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theory that it may have theiu-e L'eeii transmitted to Guiana finds 
no substantial support. In a similar way there is no evidence that 
it was introduced by the whites. Gn the other hand, it does not seem 
improbable that it was brought in through the slave trade : that is, 
through enslaved Indians brought to Guiana from North America. 
Indian slaves from Neiv England. Carolina. Georgia, and Florida 
were far dispersed liy the whites, and a portion of them were brought 
to the mouth of the Orinoco and the shore of South America for 
])earl fishing. It is quite possible that some individuals or parties 
irom among these Indians, most of whom belonged to scalping 
tribes, gained their liberty and. joining some of the natives, intro- 
duced the custom of scalping among them. The source of the prac- 
tice in Chaco is not traceable. 

SCREADINO A>'I) DKVia.nP.MF.NT OK THE <'C.STo:M OF SCALPIXC; THKOUOrl 
THE IN IT. I KNCK OK K.I P.OPFANS. 

It is a Avell-estalilished fact that the c()ntlicts of primitive peoples, 
while very frequent, are in general not attended by many fatalities. 
The same was true of the Indians, with the exception of the very 
infrequent instances of a success of an attack lyv surpri.se, which was 
followed by a general massacre. 

The introduction of firearms duinged thi' state of affairs. The 
guns became not only the direct cause of a greater number of fatali- 
ties, but they also served to demoralize the party armed in a more 
primitive manner and facilitated pursuit. In conseipienee the wars 
became more bloody and there were more scalps. 

In North America the natives were supplied with firearms by the 
colonists themselves, in some cases surreptitiously, in others ojienly. 
They were also furnished w ith the iron or sti-el knife, which greatly 
facilitated the remoi'al of the scalp lock. Formerly the scidping ivas 
done with knives made of various materials. The rinal knife was 
found in Ilrazil. Guiana, and the southeastern jiart of North Amer- 
ica: the .diell knife was used along the entire Gidf and north along 
the Atlantic coast as far as the territory of the Huron- Irocjuois, 
also to some extent on the Pacific coast and among the Araukanians; 
a fish-tooth knife existed in the Chaco, throughout Brazil and 
the ( luianas: and a stone knife prevailed in iMexico and neighbor- 
ing regions, in California, the Bocky Mountains, on the Plains, and 
in Texas, Tlie Apache knew how to sever the scalp lock with the 
sinew cord of the bow. All of these implements possessed disadvan- 
tages when compared with the white man's knife, and the latter was 
eagerly adopted. It became a mudt desired article of commerce and 
exchange ami was soon useil in scalping, upon the frequency and 
development of which it must have exerted a stimulating effect. 
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The “ scalping knife,’’ or scalp knife," had ordinarily the shape 
of a single-edged butcher knife, but occasionally it was two-edged, 
like a dirk. The traders usually sold the knife alone, the Indians 
making the scabbard according to their own liking. The instrument 
was carried in the belt or on a cord passing about the neck. The 
prices paid for these knives differed widely. Thus, in 1665 certain 
Canadian Indians received 8 knives for 1 beaver skin, while in the 
beginning of the nineteenth century, during the height of the power 
of the fur companies, $7.50 was jiaid in their territory for a knife 
which in England was worth 31 pence. At about the same period 
farther south, in the ITnited States, a knife cost $1. Catlin tells us 
that in 183:1 a Sheffield knife, worth perhaps 6 pence, was valued at 
the price of a horse. 

While firearms and steel knives gave a strong impetus to scalping 
in North America, the acme of the custom was reached after the 
institution by whites of scalp premiums, accompanied by the employ- 
ment of the natives by the whites for scalji gathering, and scalping 
by the whites themselves. 

The first to offer premiums for the heads of their native enemies 
were, in 16)37, the Puritans of New England. They asked for the 
heads, scalping being as yet unknown in that part of the country. 
.\.s a result, heads of the Pequods were brought in by the colonists 
and allied Indians in large numbers. 

Thirty-eight years after the Pequod war, began that against King 
Philii), and head premiums were again established. At this period 
the custom of scalping had already e.xtended into New England, and 
most of the trophies obtained must have been scalps. 

On the 15th of July, 1675, the Connecticut coloni.sts made with one 
of the Narragansett chiefs a treaty in which they ])romised for the 
person of one of the feared Wampanog chiefs 40 cloth coats, or 20 
for his head alone, and for each one of his subjects 2 coats if living 
or 1 if dead. To their own troop.s they paid 30 shillings for each 
head. To the “ heroine," Hannah Dustin, who with her own hands is 
said to have taken and brought in the scalps of 2 Indian men, 2 
women, and 6 children, the colony paid £.50, besides which she re- 
ceived many expressions of thajiks and numerous gifts, including a 
substantial one from Governor Nicholson. 

In 1680 scalp prizes were olfered by the colonists of South Caro- 
lina ; in 1680 they olfered the high sum of £S for each scalp of an 
Indian warrior. About this time we hear for the first time of scalp 
premiums offered by the French. In 16)88 the French Canadians 
paid for eveiy scalp of their enemies, whether white or Indian, 10 
beaver skins, which was also a high jirice, equivalent in Montreal to 
the price of a gun with 4 poun<]s of powder and 40 pounds of lead. 

•svr 1900 28 
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Later on, about 1G91, the governor of Canada paid 10 crowns for 
every scalp, ‘20 crowns for every white male captive, and 10 crowns 
for a white female captive. Later on the scalp as well as the captive 
price was lowered to 1 crown each, though the government officials 
declared that 10 crowns for the scalp of every existing Iroquois would 
be a good investment for Louis XIV. 

We have seen that it was the English who offered the first scalp 
premiums, and it was the French who first extended such rewards 
to the scalps of whites. This latter custom was, however, also adopted 
before long by the English colonists, and in 1693, but particularly in 
1696, premiums were offered explicitly for French scalps. The price 
per scalp, perhaps on account of the ])Oor Canadian treasury, was 
always higher among the English than among the French. In HOT, 
during Queen Anne's war, the English increased the Indian scalp 
premium for those who wei'e not employed by the government of the 
colonies to £100. 

In 1703. during Queen Anne's war, the young French colony in 
Louisiana began also to offer scalji I'ewaixls, commencing with 10 
crowns for each scalp. After this the prices ranged conformably 
with those in Canada. 

In later wars in which the colonists were concerned scalp hunting 
was incited to still greater intejisity. The premiums were large, 
ranging up to £100 for one scalp; and they aii])lied to Indians as 
well as to white enemies. The alluring profits and the growing 
ililficulty of securing the troiffiy led some to skillfully make two or 
even more scalps out of one, and to otlier. more grave, abuses; mem- 
bers of friendly tribes and even tlie white countrymen of the scalpers 
were not safe, and even graves were made to yield victims. In June. 
ITS."), General Braddock guaranteed his soldiers and Indians £.1 for 
every scalp of the enemy. A reward of ;s200 was prescribed for the 
head of the Delaware chief Shingask and £100 for that of the Jesuit 
Le Loutre. Scalji prices were offered by the State of Pennsylvania. 
On the 7th of July, 1761, Governor Penn announced the following 
rewards; For every captured Indian more than 10 years old, $150: for 
every scalp of a killed Indian, $131 : for every cajitured woman 
or boy under 10 years of age and belonging to the inimical tribes, 
$130; and for every scalp of a slain squaw. ?;50. 

The employment by the various colonies of friendly tribes as allies 
in war fostered scalping. In 1693 Frontenac ceremoniously received 
from Indians some scalps of the English. In 174t) Governor Clinton 
received and counted in an open meeting some scalps of French- 
men, honored with a /lom de (/tierre the Indian leader whose band 
secured them, and then had the Indians perform a war dance before 
him, in which V illiam Johnson, then the Iroquois agent and later 
on a baronet and English general, ai>peared painted and half naked 
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with the Indians. In the French colonies the conditions were similar. 
Scalping was also practiced during the War of the Eevolntion, and 
that on both sides. Serious conijilaints were made in this regard 
against the English, and Hamilton, “ the hair-buyer general,’’ was 
on this account for a long time the object of a bitter hatred. There 
is no doubt that the Englisli. who incited some of the Indians against 
the colonists, also offered pay for scalps, though this does not seem 
to have been the subject of any special law or public ruling. English 
commanders and generals, among others Biirgoyne, received scal^is 
in festive gatherings. In the north the English, following Sulli- 
van’s expedition, paid $S; in Georgia occasionalh' £3 for a scalji. 
So far as the colonies are concerned, among the l)order jiopulation 
scalping was general, besides which some of the legislatures offered 
direct premiums. Thus the legislature of South Carolina jjromised 
£T5 for every scalp of the fighting men of the enemy. £100 for every 

captured Indian, and £80 for every eaptured Englishman or negro. 
^ ^ ^ 

In Mexico the first offers of head premiums of which the writer 
could find a record date from IGIO to 1(>18. preceding, therefore, by 
twenty years similar rewards given by the Xew Englanders during 
the Pequod war. The occasion for the Mexican offers was the Teiie- 
huane rebellion in the State of Durango. During the eighteenth 
century, particidarly toward its close, and in tlie beginning of the 
nineteenth, scalps, which to i)rcvent frauds had to show both ears, 
seem to have had a definite market value in northern Mexico, but 
exact data on the suliject are wanting. During the second third of 
the nineteenth century reports concei-ning scalping are more frequent. 
In 1835 the legislature of Sonora ])roclaimed a war of extermination 
against the Apaches and set the reward of $100 for every Apache 
scalp. Chihuahua followed in 1837 with an offer of $100 for everv 
scalp of a male, $50 for that of a female, and $25 for that of ev'ery 
Indian child. In 1845 these scalp regulations were also adopted Ivy 
the other north Mexican States, as a result of which numbers of 
adventurers formed themselves into scalp-hunting bands. Kirker, 
the leader of one such, had in the very beginning, through surprising 
an Indian camiv, such success that the treasuries were able to pay 
him only a part of the scalp money. 

In 1848 and succeeding years the conditions became still worse. 
It was decided in Chihuahua to again employ bands of scalp hunters, 
and the premiums were adv'anced to 8250 for each captured full- 
grown Indian or $200 for his scalp: $150 for everv captured Indian 
woman or child under 14 years of age or 8100 for each of their scalps, 
in addition to which the offers carried the right to the spoil. The priv^- 
dege granted was often abused by the bands, and scalps were taken 
from other Indians besides the enemies and ev'en from Mexican 
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mestizos, the hair and skin of which can not, in many cases, be dis- 
tinguished from those of full bloods. 

Such a state of affairs lasted for several decades, continuing past 
the Ph'ench invasion and well up to the eighties. The rewards offered 
reached, in 1863 to 1870, the large sums of $200 to $300 for each ordi- 
nary scalp and $500 for that of a chief of the Indians. 

In Central and South America we ffnd no scalp premiums and no 
scalji hunting. 

The part of the white population most directly concerned in scalp- 
ing were the frontiersmen, with the hunters, trapjiers, and miners. 
Their mode of life and their frequent dealings with the Indians, of 
friendly as well as unfriendly nature, developed in these men and 
even women, who were for the most part the descendants of the 
Scotch-Irish, manners which were not always in accord with those of 
civilization. * * * 

In some cases the Indians and after them the whites severed not 
only the scalp, but also other hairy parts of the skin or other pieces, 
and some of these were utilized for tobacco pouches, straps, belts, etc. 
Such pieces of skin became even, in some instances, articles of trade. 
In the summer of 1779 the farmers in the neighborhood of Prickets 
Fort, in West Virginia, killed an Indian who ivas wounded in a 
fight, and the body was scalped and skinned. The skin was tanned, 
and from it were made a saddle, ball bags, and belts. One of the 
bags is said by Mr. Thwaites to be preserved to this day by a grand- 
uncle of one of the farmers who did the skinning. But even the 
whites were not always safe before other whites in this respect ; thus 
we read in Norton's Kedeemed Captive that during the war in 1746 a 
French youth cut off an arm of a slain New Englander for the pur- 
pose of making himself a tobacco pouch. 

It is but natural that a custom of such a force and duration as 
scalping left some permanent traces, which are best recognizable in 
the language. The word scalp is commonly used as a synonym for 
the hair-covered skin of the head. It was applied to animals, and one 
hears to this day about the “scalp" of the puma, bear, tvolf. etc. 
Premiums for wolf scalps were an important item of income and 
expense among the colonists. In ordinary conversation the term 
found and to some extent still finds many applications ; thus " may 
I never see a scalp " was a form of oath ; and there were the expres- 
sions “ There can be no scalping between us," “ To go a-scalpinc,’’ “A 
company of expert hair-dressers." etc. The railroad ticket “ scalper ’’ 
is still a well-known figure. Figuratively, tin* word was used to 
denote social conquests, etc. 

At the present time scalping in North America has ceased to exist. 
It has been prohibited, under heavy penalties, by the law. and had to 
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be given up by the conquered Indians with other parts of their 
former culture. Curiously enough the trophy formerly so common 
has become a rare article, even in American ethnological museums. 

ADDITIONAL NOTES. 

The scalp itself deserves a few special remarks. 

To the eastern Indian the scalp lock was the visible proof of per- 
sonal braver}', the palpable sign of accomplished revenge ; it was like 
his war medal gained honorably from his enemies. However, the 
trophy did not always remain the property of the individual warrior, 
for among some of the tribes it was delivered, after the completion 
of the proper ceremonies and dances, to the chief or the community ; 
yet the one who took the scal23 retained always the honor of the deed 
and the memory of this was manifested on his iierson by special 
forms of painting or other decoration. In still other cases the scalp 
obtained in individual combat with an enemy was the property of 
the warrior, while those secured after a battle were delivered to the 
chief or the tribe and were the subject of special disposition. 

Among the western Indians the reputation of a man was propor- 
tionate to the number of “ coups " or strikes which he had accom- 
plished, and the scalii counted simply as a great “ coiqi.” 

To be worthy of the full honor the warrior was obliged to per- 
sonally remove the seal}). This accounts for the often reckless efforts 
made to secure the trojiliy. This tendency was disadvantageous to 
the Indians in their fights with whites, for the time required to 
sever the scalp might have been sufficient to slay several more of the 
enemy ; it was particidarly inconvenient during pursuit. 

The reasons which occasionally induced a warrior to go on a scalp 
hunt Avere esiiecially ambition, a desire to mend a damaged reputa- 
tion, reA'enge, conceit or bravado, or eagerness of gain. Even political 
reasons may have been occasionally the incentiAe, for the quantity 
of scalps in a tribe's possession represented a jiower and Avould' facili- 
tate the gaining of confederates. With these must be ranged the 
belief in certain mystic jJOAvers identified Avith the scalp and supposed 
to be acquired Avith it, and the necessity of the presence of the trophy 
at certain ceremonies and burials. 

To secure scalps the Indian shunned no distances, obstacles, hunger, 
or thirst, nor did he shrink eA'en at the jirospect of an almost certain 
death. Journeys uji to 1,000 kilometers long were undertaken for 
the purpose ; neither women nor children nor the sick or Avounded 
Avere spared, and in extreme cases eA'en the dead Avere disinterred and 
scalped. On one occasion the Indians allied Avith the French sur- 
prised an English field hospital and scalped all the patients. General 
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Jackson, not being able even with all the possible precautions to pre- 
vent the ('reeks from scalping his buried soldiers, adopted the plan 
of sinking the dead in the river. 

To save his own or his friend’s scalp the Indian was ready for any 
sacrifice, for it was with him not simply the matter of a part of his 
skin, but with it of the soul itself. If it was impossible to save a 
friend from death at the hands of the enemy and to carry away his 
body, ail endeavor was made to at least take away his scalp into 
safety. In rare cases only was a member of a tribe scalped by 
another member of the same for other reasons ; Indians executed by 
their own ])eople were never scalped. In its pure form scalping in 
the East could only be performed on an enemy, and was an act of 
national significance, a declaration of war, or a manifestation of the 
state of war. 

The Indians of the IVest never scalped a suicide, and. according to 
Major Dodge, they also never scalped a negro: the eastern Indians 
were in the latter regard, it seems, less particular, for the writer came 
across two records of the scalping of negroes. 

5i« i\i i’fi it ^ it 

The return of the scalp-laden warriors to their community was 
announced ahead by signal tires or through a special messenger, and 
the whole population, but particularly the Avomen. prepared for the 
reception of the party. Such a reception and the following cere- 
monies Avere. according to eyeAvitnesses, most striking and impressive. 
Among other manifestations, each scalp Avas greeted by a special 
characteristic “ scalp cry.’’ 

The Avell-prepared scalps sei'A'ed many purposes. They bejeweled 
their OAvner, his hoi'-e. his tent, his Aveajions, Avhile scalp or other 
human hair streamed from the boi'ders of his garments. As signs of 
a A'ictory they Avere exhibited in Aarious Avays — hung on lines, poles, 
or fastened to canoes, etc. They j>layed an important role in numer- 
ous ceremonies, and the scalp dance or ceremony proper Avas among 
the most important and Avidespread of such manifestations. Finally 
the scalps Avere buried among his other honors Avith the Avarrior. 

Though scalping has ceased in iNorth America, yet the scalp dance 
has not been entirely abandoned. Artificial scalps take the place of 
the real, but the form of the ceremony is gone through Avith scrupu- 
lous care. 

The beliefs as to the consequences of scalping on the soul of the 
victim differed. Among some tribes it Avas held that the spirit of 
the scalped Avill have no rest in the hereafter: others believed that 
it Avas bound to serve to that of the victor. Avhile still others supposed 
that it Avas prcAented from e\er reaching the ” happv hunting 
ground, or that it Avas Avholly annihilated. 
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By Kai'IIaei. Blaxciiari). 

Profe>imtr uf iiiii tinitolou!) to thr FacuUn of Mciliciiir of Pari.t. 


The subject of the present paper is not new. I might cite a consid- 
erable number of academic discourses or inaugural dissertations that 
discuss the relations of zoology to medicine: these literary essays 
attack the subject from ditferent points of view, according to the phil- 
osophical predilections or the medical doctrines of the period : but the 
greater number of them soar into the nebulous heights of metaphysics 
and each resembles the others in the complete lack of a truly scientific 
basis. 

In the course of the nineteenth century various sciences sprang into 
existence, such as comparative anatomy, physiology, anthropolog}', 
experimental medicine and parasitology, each one of which has 
thrown a new light upon the nature and the oiigin of man, and espe- 
cially ujjon his relations with the higher vertebrates. It would cer- 
tainly be a very interesting work, but one far exceeding the limits of 
a modest paper like this, to educe the scientific ideas that have been 
derived from these recent studies. I do not intend to enter into a 
discLi.ssion as technical as that would be and for cvhicli I have not the 
necessary time; I shall play a more modest part and limit myself 
to assisting you to put the finger upon certain examples which will 
show what significant advances in medical doctrines are due to 
zoology, what capital discoveries have resulted from a more exact 
knowledge of animal parasites, what an unexpected light has been 
shed by these new ideas upon the origin of the most fatal diseases, 
what fortunate practical residts are derived from them, and, at this 
epoch of vast colonial enterprises, how much the acclimation and 
success of our race in hot cotintries are bound up with the progress 
of medical zoology. 

a Traiislatidii. by iieruiis.sioii. of a jiaper i>reseiite(l at Berne .\ngnst 15. 1904, 
at the tirst general session of the Sixth Iiiteniational C’ongress of Zoology, cor- 
rected and lirouglit up to <late l>.v file author. Original published in Coinpte- 
Reiidu des Seances du Sixieiue Coiigres Iiiteruational de Zoologie. Oenevte 1905. 
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In the blood, in the h'mph, and in connective tissue are found 
anatomical (dements which have for a lonu time been knoAvn under 
the name of " leucocytes.” or ivhite corpuscles. A Avell-worn com- 
parison likens them to the Amceba;, ivhich they resemble, indeed, 
both in their method of locomotion and in the manner in Avhich they 
ingest solid particles. Several varieties are known, but the dis- 
tinction between them remains as yet merely a histological curiosity. 
Xow these elements, ivliich resemble the lowest animals in their struc- 
ture and iihysiologA’. are found to jday a most important part in the 
organism. 

The jihysiological equilibrium that constitutes health is assured 
only because of their constant vigilance. Distributed to all parts of 
the body, they keep ivatoh over every point and resist the A'arious per- 
turbations that may arise, at any moment in our organs; they have 
for their special function the arrest of foreign bodies, of microbes, 
and parasites in general that invade our economy by the most I’ari- 
ous routes. According as these are greater or smaller the leucocytes 
vary their method of attack; they either engage singly or work in 
combination to arrest the advance of the jiarasitic invaders. If the 
infectious agent is not an organized body, but consists of chemical 
substances endowed with toxic qualities, they intervene in another 
manner and, adapting themselves to the new conditions, elaborate 
and supply to the humors of the organism substances callable of 
neutralizing the dangerous effects. 

Is not the theory of phagocytosis, which ive owe to the sagacious 
observations of iMetchnikoff, one of the liianifestations of these leuco- 
cytes? Everyone knows the nature of this theory; everyone at least 
knows the Amtebte that live in stagnant waters. These animalcules 
present the knvest degree of animality; tlieir sarcode or plastic sub- 
stance extrtides prolongations Avhich enable it to inclose solid par- 
ticles Avith Avhich it may lie in contact; these are, according to their 
nature, either digested and assimilated by the Animba or, on the 
contrary, rejected after a ccu’tain lapse of time. Nothing is better 
knoAvn than this phenomenon; Dujardin and others have studied it 
very thoroughly; they eonsider it as a manifestation of the simplest 
act of nutrition. It is so. indeed, but it is also an act of exceptional 
importance, since it was the iioint of departure for the discoAcry of 
phagocytosis, a doctrine Avhich touches upon some of the most 
obscure problems of physiology. 

Thus it Avas that a simple fact of zoological obserA’ation, Avell inter- 
preted by a mind of rare penetration, completely overthrew the hesi- 
tating and misty conceptions deriAed from humorism, that doctrine 
by Avhich medicine endeaA'ored to explain the great fact of the resist- 
ance of the organism to infections. Phagocytosis offered the key to 
the problem. It also enables us. or soon Avill enable us. to compre- 
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hend in an equally clear manner the laws of vaccination and of 
immunity, for which medicine has never been able to advance an 
acceptable hypothesis. 

Such are the results of the phagocytic theory, ll^e may search in 
vain in any other branch of biological science for an example of so 
profound a revolution in doctrine, based upon so slight a phenomenon. 

In 1901 our learned colleague. Prof. B. Grassi, showed to the Con- 
gress of Berlin the part which mosquitoes play in the propagation of 
malarial fever. I do not wish to take up again this subject, which 
he has treated with so much authority, but it may be useful to dwell 
for a moment upon these insects, which are even more dangerous than 
his brilliant palter indicated. In fact, they not only propagate 
malarial fever over almost the entire surface of the globe, but they 
are, in countries less vast but yet of great extent, the agents for the 
dissemination of maladies that rank among the greatest scourges of 
humanity. Throughout the whole of this Torrid Zone they inoculate 
with the Filarid a nematode that lives in the connective 

tissue or in the circulatory apparatus. Its embryos are carried along 
by the torrent of the blood. They have a relation to various patho- 
logical conditions, such as the haunaturia of hot countries and the 
elephantiasis of the Arabs. 

In a more restricted region mosquitoes inoculate with yellow fever, 
whose domain, formerly limited to tropical America, now extends to 
the western coast of Africa, sometimes touches Europe, and is perhaps 
on the eve of reaching the extreme East as soon as the Panama Canal 
is finished. Mosquitoes are not. as might be supposed, mere inert 
transmitters of the known or unknown parasites that cause these dis- 
orders; on the contrary, in their organism such parasites undergo 
more or less complicated metamorphoses. 

One of the most urgent problems in the hygiene of hot countries is, 
then, since these facts are known, the study of the mosquitoes found 
in different parts of the globe. The exact knowledge of the fauna 
of a country, from this special point of view, is, as may be seen, of 
the greatest interest for public health, since the country that is the 
object of such an investigation may be declared dangerous or healthy 
according as the siiecies recognized as pathogenic are found to be 
present or absent. 

To tell the truth, it is not necessary that every physician should 
be able to determine with complete scientific accuracy the different 
sjiecies of mosquitoes that may be presented to him; still less is it 
necessarv for him to recognize them in the different stages of egg. 
larvae, and nymph, as well as in the adult form. Such determina- 
tions can only be made by naturalists who have made a specialty of 
this work: and here we have the unusual idienomenon of the cabinet 
entomok)gist, to whom tve must have recourse for the determination 
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of M’inged insects gathered in habitations, or of larva; and nymphse 
procured by a fine net from puddles of water, l)ecoming not only a 
necessary aid hot even a counselor and authorized guide of the 
hygienist and the physician. The matter becomes even still more 
complicated, for it is useful to examine experimentally, in different 
species of mosquitoes, the subsequent development of parasitic organ- 
isms found in the blood of man or of animals. This leads to the most 
delicate histological researches and the most difficult experimentation 
well exeiniilified by the recent discoveries in filariosis and yellow 
fever. 

About five hundred species of mosquitoes are known. This will 
give an idea of the unexpected amplitude of the studies that are now 
being pursued and of the preponderant pa it that entomology has 
obtained in them. I should give a very incomplete idea of its 
importance if 1 confined myself to what has just been said. Other 
diptera also attract the attention of parasitologists, because they 
transmit ceitain very fatal diseases. Everyone has heard of nagana, 
the epidemic having a mysterious cause that affects European do- 
mestic animals that are taken into certain regions of tropical Africa. 
Livingstone recognized that it was occasioned by the sting of the 
tse-tse fly (Gluxuiiut tuoi'nitahx) . but it was a long time before the 
actual details of the infection were understood. The problem is now 
solvetl. The tse-tse inoculates cattle with a protozoan which it lias 
drawn from the blood of a sick animal; the parasite inoculated in this 
manner nudtiplies very rapidly in the blood of its ninv host and the 
latter soon presents characteristic symptoms of nagana. 

The animalcule in question is a simple flagellate, known under the 
name of Tri/p/inofiontd hnn-rt. It swims in the plasma, reproduces 
itself there by longitudinal division, and the blood thus becomes 
charged with more numerous jiarasites day by day. It is duly estab- 
lished that these are the efficient cause of the disease which is almost 
always fatal. The Trypanosomata are then redoubtable ^nn'asites 
and their history ought to especially interest the physician if it is 
proved that the human species may also be attacked by similar 
organisms. 

Xow the malady of sleeping sickness, which flourishes in tropical 
Africa with dreadful intensity, so that it devastates very extensive 
territories, as it has done during recent years on the Kongo and in 
Uganda, is nothing less than a trypanosomosis. The specific pai'asite 
is here the I }dj pa hosouki i/a/nbiiii.sc, that is transmitted bv the 
&Io><«ina jiolpali-s and, apparently, by other species of trypanosomata 
whose agents of transmission are not (rloKnina' but J/u.syvV/u' of other 
types or various Tahuiiithr. Still further it is known that there 
exists in Algeria a human trypanosomosis which, in view of the 
absence of GlosGna in that region, must aUo lie placed in the latter 
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category. It therefore follows that the assistance of the dipterol- 
ogist in questions of epidemiology is still more important than we 
had supposed. 

In addition to the above, it should be said that it is not only nec- 
essary to establish the nature of pathogenic insects, to ascertain their 
habits and their metamoiqihoses, to find the most effective means of 
destroying them or of driving them away, but also to follow in its most 
minute details the cycle of the evolution of the parasite in the interior 
of the organs. Vet all this is only one aspect of the matter, and I may 
say that it is not the most important one. It is, in fact, indispensable 
to experiment with the parasite itself, so as to arrest, if possible, its 
invading march, and to determine the conditions capable of attenuat- 
ing its pathogenic action and of rendering the organism of its host 
indifferent to its attacks. A trypanosoma swarms in the blood of 
the rat witiiout inconveniencing that animal in any appreciable way. 
Such an endurance is doubtless the result of a progressive and heredi- 
tary toleration, which gives reason to supjmse that man and the ani- 
mals that are the pre.sent time defenseless as regards the trypa- 
nosomata are cajiable also of accpiiring immunity. The investigation 
of the conditions by which this may be established is surely one of 
the most important problems of the present day. This leads us back 
to the ever-present tojiic of phagocytosis and the jiathological physi- 
ology of the white corpuscles. 

But yesterday unknown in human 2iarasitolog}L the trypanosomata 
have to-day acquired an important ijlace in this .special department of 
medicine. It may be said that their importance as well as that of 
the zoological grouii to which they belong increases every day. 

The Spirochaeta. assigned for a long time to the bacteria, are really 
protozoa, in jiarticular flagellata of a somewhat aberrant type. Two 
diseases of man are caused by them — recurrent fever and the tick 
fever of central Africa — these having, resjiectively, as pathogenic 
agents the S plrucJKttum rt‘cn))‘entit< and the t->pirochfftum duttoni. 
There are also known several kinds of spirocha?tosi& that affects ani- 
mals. Aow it has been established that these jiarasitic affections are 
transmitted by the bite of various kinds of arthropods: Hemijitera, 
such as the bedbug {Acanthhi lertiilariu) : and Ixodida?, such as the 
Ornlthodorus mrirpii/i. The most redoubtable of the diseases of man, 
syphilis, of which Schaudinn has recently found the pathogenic agent 
(T repuneuia pallidum) , is also a kind of spirochretosis, but it is nor- 
mally transmitted by the contact of mucous membranes that are 
ulcerated in a manner that is often iiiapjireciable. In this respect it 
offers a very striking analogy to dourine or iiial de coit which, 
although due to the existence of a tryiianosoma (2\ equlperdum) , is 
propagated in the same way. without the bite of any insect. 

Apart from these excejitional cases we see why the Heniiptera and 
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the Ixodidw demand the closest attention from physicians. They 
no longer confine themselves to playing the jjart of intermittent 
parasites; they inoculate infectious diseases of incontestable gravity. 
The scope of our studies enlarges accordingly, and it becomes neces- 
sary to know, in all its details, in all its metamorphoses, the 
biological history of these new enemies, within whose bodies the 
ISpiroclueta and the Treponema may undergo transformations whose 
cycle we must also elucidate. 

The Ixodida', then, have recently revealed themselves to us as the 
propagators of dangerous diseases. In reality the parasitologists, 
who must pay attention to comparative medicine or else restrict 
their vdew to a quite narrow horizon, already knew of the per- 
nicious part which these play in the transmission of babesiosis, not- 
ably in that form known as “■ Texas fever.” This epizootic decimates 
the herds of cattle in the southern part of the United States, in the 
Argentine Eepublic, and even in certain countries of Europe. It has 
for its cause a very small, pyriform parasite {Baheifia Ijocia), which 
lives in the red blood cor2)usclos whose substance it destroys, thus occa- 
sioning a characteristic hemoglobinuria. The imiiortant observa- 
tions of Theobald Smith and Kilborne showed that this infectious 
agent was transmitted to the cattle by the Rhipicephalus annulutus, 
a species of tick of which numerous varieties are widel}’ sirread 
throughout the globe. 

Special kinds of babesiosis occur in the dog. the horse, and other 
mammals. None has yet been determined in man, at least in an 
indisputable manner, but it may be reasonably affirmed that this 
parasitic type probably does not spare our species. Decidedly, while 
awaiting the study of the Gamasida^ and other Acarids, we ought 
henceforth to givn as much attention to the Ixodida as to the mos- 
quitoes. the fleas, the Glossina. and the Tabanida. Medical zoologj^, 
that has already conquered such vast territories in the domain of the 
protozoa, is now annexing a considerable part of that belonging to 
the arthroimds. 

The studies which we should pursue are therefore as varied and 
com2:)lex as jjossible. Among the numerous questions that come up 
with regard to them there is none that is more stimulating at the 
present time than the mystery that surrounds certain parasites, 
whose existence is certain and whose animal nature seems very 
probable, but which we hav'e never yet been able to discover. 

Among this number is the parasite of yellow fever. M e know that 
it is transmitted by a nios(juito {Sfef/omi/ia cidopus) . which is not 
infectious until the twelfth day after it has bitten a person affected 
with yellow fever — that is to say, until the parasite has undergone, 
in Its organism, transformations which are more of less analogous 
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to those of which the hsematozoa of malarial fever give us so remark- 
able an example. In spite of these precise indications every search 
for the infectious agent has hitherto been in vain, doubtless because 
it is too small to be discovered by our means of investigation. It is 
not the only one of which this can be said, for there is every reason 
to suppose that hcematiiric bilious fever and hydrophobia, among 
others, belong to that category of parasitic atfections whose germ 
is yet unknown. It may be remarked that the researches of Schau- 
dinn have shown that certain forms of Spiroclueta observed in the 
digestiA'e tube of the mosijuito (CnJest' pipienn) are sutliciently small 
to go through porcelain filters and only become apjiarcnt to the 
strongest magnifying powers when they are assembled in consider- 
able numbers. Optical combinations will doubtless yet be discovered 
that Avill permit us to see and study these excessively minute creatures. 
Their investigation ojjens a avaa' for researches of a peculiarly deli- 
cate and intei’esting character. 

The facts recently acquired, or the questions recently raised in the 
realm of helminthology, are also not without importance. Hardly 
twenty-five A’ears ago Ave saw helminthology restricted to a descrijj- 
tion, or rather a summary enumeration, of the four or fiA’e intestinal 
worms most widely found in Europe — that is to say, the two tamias, 
armed and unarmed ; the ascaris, the oxyuris, and the tricocephalus. 
To complete the sum ey there was also mentioned the filaria of Medina 
as a sort of exotic curiosity. To show acquaintance with rarities, ref- 
erence Avas made to the Stronf/yJus gigas. As to the trematodes, Ave 
Avere confined to the great r»iid little lAer duke, and the Bilharzia 
was, for reason, discreetly alluded to. All this Avas comprised, in the 
teaching of our medical faculties, in some three or four lessons. I 
knoAv something about it, as this was the plan on Avhich I Avas educated. 

Note also that the French faculties and schools of medicine are 
almost the onh’ ones in the entire world that have a teaching chair 
of natural history. It is true that the professor must, at the same 
time, teach both zoology and botam* in their applications to medicine, 
as if it Avere possible to dnd. in the jiresent state of scientific progress, 
men capable of teaching Avith authority these tAVO branches of natural 
history that ha\'e long been so jArofoundly differentiated from each 
vither. In practice this difficulty Avas aA'oided, since the professor 
taught that branch Avith Avhich he Avas mostly familiar. leaAung to 
an associate the task of teaching the other. Thus it Avas that my 
learned predecessor. Professor Baillon. Avho occupied the chair of 
medical natural histoiw of tlie Facultv of Paris for such a long 
time, and whose botanical Avorks had the gi-eatest rejmtation, resei'A’ed 
for himself the teaching of botany, his as.sociate had. then, to teach 
zoology. 
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As far back as 1883. the date when I had the honor to commence 
my teaching at the Faculty of Paris, the course of medical zoology 
was in reality only an elementary course of the Faculty of Sciences. 
This was by no means wholly bad, as we had to put into shape young 
people just out of college whose acquaintance with natural history 
was wholly inadequate : but it was necessary to supplement this ele- 
mentary course by a detailed study of the parasites of animal origin. 

Convinced of the ever-increasing importance in human pathology 
of the part played by parasites of this nature, a part evidently mis- 
understood in many cases; instructed by the discovery of new para- 
sites — in the extreme Orient, for example; persuaded that colonial 
expeditions, then again l>ecoming popular in EuroiDe. would certainly 
be sure to bring to our notice many new facts relating to this subject, 
I decided to break away from this defective instruction and to devote 
almost my entire course of teaching to the study of parasitic diseases. 
The results were immediate: somewhat disconcerted at first by the 
novelty of this method of teaching, the students soon realized in full 
its importance. It is not for me to sai' whether or not its success was 
comparable to the effort made, but I believe I have a right to state 
that this innovation, which amounted to the creation of a new branch 
of instruction, was required by the necessities of the time. I see a 
proof of this in the fact that all the faculties and schools of France 
followed my example and were well pleased with it. The same 
occurred in some other countries, particularly in Eoumania. the 
.Vrgentine Kepublic, and in Chile, where chairs of medical natural 
historv were established. 

That which I Avas able to realize in 1883 as associate I was able to 
complete in 1897 as titular professor. I had the good fortune to 
assume my chair at the moment Avheu the programme of medical 
studies had just been modified in a A’ery satisfactory manner. Med- 
ical natural history, since that is the title of my course, Avas hence- 
forth jilaced in the programme of studies for the third year, Avhich 
enabled me to discuss more fully the important questions arising 
from parasitology’ and to enter into clinical details and minutiie of 
physiologA’ and pathological anatomy, Avhich AA’ould not haA’e been 
Avell comprehended by students of the first year. Flence there 
results a much greater specialization in the teaching, as well as an 
entirely ncAv adjustment of the practical and laboratory Avork. The 
establishment of the Arrhirei^ dc Para.dtologk, of Avhicii the elcAcnth 
A ohune is finished, is another testimony to the profound reform 
Avhich I ha\'e been able to ellect. 

It Avill be understood that, in a course of this kind, natural history 
must predominate, and that it can not be completely gii’en by a man 
whose education is exclusively medical. In fact, helminthology no 
longer remains in the golden age which I described above. What 
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enormous advances liaie been made during the past twenty-five 
vears! How many specie^ of parasites have been added to the list 
which was then so restricted ! The comiilete study of these animals 
necessitates very technical zoological knowledge; it is not sufficient 
to determine their structure, to follow their migrations and metamor- 
phoses, to recognize them in their ditferent transformations. To ascer- 
tain the lesions which they produce Ave must also know the parasites 
of the most Avirious kinds of animal.s in order to discoA-er the I’ela- 
tionship that may exist betAveen those that inhabit man and those 
found in ditferent species. 

Davaine described, from very imiierfect specimens, a little ta?nia 
coming from the Comorin Islands, to Avliich he gave the name Tcvnia 
mddaguHcai'ciiKiii. Cobbold published, under the name of Distoma 
riugeri, a trematode that Ra'cs in Jaj)an and China in the lungs of 
man and Avhich frecpiently causes haunoptysis. "Wlio, then, Avithout 
possessing the knoAvledge I liaA’c just mentioned and Avliich can only 
be acquired by long jiractice in zoology, Avonld hai’e sus^iected that the 
first of these parasites belongs to a tyjie found only quite exception- 
ally in mammals and man, but Avhich normally belongs to the 
Gallinaceae? IMio, then, except under such circumstances, Avould 
haA’e recognized in the second one a parasite already discoA'ered by 
Kerbert in the tiger 1 Such relations are not merely simple curiosi- 
ties, as superficial minds might suppose; they are of the highest 
importance, since they put us on the track of the origin of the 
jiarasitic diseases of man. tlie onlv ones on the Avhole that are inter- 
esting to the physician. It Avould be easy to cite other examples 
illustrating this projiosition in an equally clear manner. 

From a more strictly medical point of view the Helminthes, or 
intestinal Avorms, are about to resume in medicine the part AAhich 
Avas in former times attributed to them Avithout contest, but Avhich 
Avas taken from them by the progress of bacteiiology. The discovery 
of the jiathogenic role of microbes caused a surj)rising progress in the 
etiology, prophylaxis, and treatment of infectious diseases. By a 
very comprehensible exaggeration eAerythingAvas ascribed to bacteria, 
and it AA as a great comfort to medicine to find in them an explanation 
of phenomena that had for centuries obstinately refused to giA’e up 
their secret. It is far from being my intention to contest the impor- 
tant part which bacteria play in the iiroduction of disease, but I am 
clearly of the opinion that often they are injurious only because they 
haA'e been preceded in their pernicious Avork by various Helminthes 
Avhich have prepared the Avay for them and enabled them to produce 
their deleterious efi'ects. 

Guiart found that the Ascaris ronorophala produces in the intes- 
tinal mucous membrane of the dolphin quite deep erosions, due to 
the three powerful nodules Avith AAdiich its mouth is armed; the 
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Aiiccu'w htmhricoldes does the wame in man in some degree. Also 
clinicians have, in fact, often noted, but without attaching to the 
fact the importance that it merits, the presence of ascarides in greater 
or less numbers in individuals sutteriiig from intestinal disorders, 
especially in typhoid fever. Eoederer and Wagler, in 1760, observed 
at Gottingen a violent epidemic of typhoid fever, or, as they called it, 
morhus murosi/s, in the course of which they discovered the Trico- 
cephalus. This parasite was found abundantly in the intestines of 
those jiersons upon whom they made autopsies. 

For some fifteen years past there has been described in medicine, 
under the name of appendicitis, an affection of the ileo-caical region 
which clinicians considered as a new disease. As attention was called 
to it about the time that iiiHueiiza began to flourish, there was no 
delay in attempting to establish a relationshiji between these two 
morbid manifestations, whicli have, however, no resemblance to each 
other, and it was at once proclaimed that " appendicitis is the gripjie 
of the large intestine.’’ An admirable formula for those who amuse 
themselves ivith the sound of words. A deceptive subterfuge for 
those who wish explanations based upon well-observed facts. 

On March 12. 1901. ifetchnikoff was able to demonstrate at the 
tribune of the Academy of iledicine that appendicitis is caused by 
the Tricocephalus. His brilliant demonstration was rather coldly 
received. The surgeons boldly continued to open abdomens and 
remove appendices. Eecently when the question of ap 2 iendicitis 
again came up for discussion before the academy, I took ^lart in my 
turn in order to defend the theory of its verminous origin, supporting 
it by a number of data and anatomo-iihysiological facts that was 
truly imposing." I also showed the antiquity of ajipendicitis, for- 
merly known under the name of typhlo-colitis. I do not cherish the 
illusion that I have converted the surgeons to my views, although 
some of them have informed me that they accept them unreservedly, 
but I have the right to consider that the verminous origin of aji^^endi- 
citis is definitely established and that it exjilains the greater jiart of 
the clinical phenomena. 

Can we then say that the Helminthes are infectious? Xot at all; 
while they undoubtedly jilay a i)art in the production of disease, that 
jiart is, in a manner, only a prejiaratory one. The ascaris, as we 
have seen, erodes and ulcerates the intestinal mucous membrane: 
the injuries jiroduced there are still more grave when it is attacked by 
the Tricocephalus. the Fncinaria, and other Helminthes that, armed 
with hooks or not, jiierce it and bury themselves within far enough 
to reach the capillary blood ves'-eF. They thus jiroduce a series of 

^ It. Blanchard, I. apiiciidicite ct la typhlo-colUe S(mt Ires frcuueiuinent des 
affections verniineuses. ArcJiins ilr Paraxifoloi/ir, X, p. dO.I. 1000. 
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minute orifices, by means of which the pathogenic microbes which 
are so frequently encountered as saprophytes in individuals of good 
health may invade the organism and occasion there an infection. 
4Ve may authoritatively enunciate this aphorism: There is no intes- 
tinal infection without Helminthes to break out a way for the infec- 
tious microbes. This alone would suffice to revive our interest in the 
Helminthes, even if it had not been shown by recent experience in 
colonial medicine that animal parasites are much more noxious than 
has generally been supjiosed; they play, in fact, a principal part in 
the pathology of hot countries. 

I here return to a topic which is particularly dear to me. I am a 
strong partisan of colonial expansion, and I believe firmly that it 
can have no safer guide than medicine. Xow. the great majority of 
the diseases of hot countries are caused by parasites, and these para- 
sites are, for the most part, of animal nature. As science is making 
great progress in this particular domain, and as from one year to 
another there arise questions that are really unforeseen, it seemed to 
me necessary to create at Paris, close beside the Faculty of Medicine, 
a complementary course of instruction rapidly comprehensive in char- 
acter, by means of which colonial physicians returning to the metrop- 
olis could inform themselves fully regarding these new questions. 
From this idea was born the Institute of Colonial [Medicine, which I 
had the happiness of founding in 1902, thanks to the supjiort of the 
University of Paris. The persons who take up the courses “ are, for 
the most part, physicians who have liven in the Tropics and who are 
desirous of perfecting tliemselves in the new methods of investigation. 
They return tliitlier 1 letter armed for scientific research, knowing 
what are the desiderata of the jiresent moment, capable of 2 iursuing 
researches that are always delicate, their minds awakened and ani- 
mated with the most ardent desire to do u.seful work. There is reason 
to hope that their etforts will not be in vain and that they will eluci- 
date some of the questions that are yet obscure. 

4Ve may say, indeed, that by thus enlarging our scope and extend- 
ing our studies to exotic jiatliology ive have opened an immense field 
for medical zoology. A number of other important problems will 
soon be taken up, among which the toxicologi^ of animal parasites 
is of primary importance. 

IVe have become familiarized with the idea that bacteria eliminate 
toxines. Eoux and Yersin proved the existence of such and the part 
which they play in dijilitheria. Since this masterly demonstration no 

a The fifth session was held from October to the end of December, 1905. The 
institute has issued up to the present time I.TI diplomas of colonial medicine of 
the rniversity of Paris, about half of which went to foreiftners. the greater part 
of these being t^panish-Americans. 

SM I90r 29 
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oii(‘ has fiirtlaT doiiht hut that certain smiptoins in infectious dis- 
eases are caused hy noxious substances eliminated by the microbes. 
Can such a proposition be made more general? Do Helminthes and 
other animal parasites produce analogous substances? How active 
are they, and how far may we attribute to them certain morbid 
])henoniena? Yes; without doubt parasites of an animal nature 
behave in the same manner as do bacteria, and it is truly surprising 
that this has not been sooner recognized." 

I find a A’cry convincing example of this in malarial fever, the 
febrile exacer})ation being, in my opinion, merely the result of an 
intoxication of the organism. It may be demonstrated in this way: 
The hematozoon. which lodges, increases, and multiplies in the 
interior of a red-blood coipiiscle, obeys the common rule — that is to 
say. it assimilates sulistances foreign to its own organism, and, at the 
same time, disassimilates and rejects about it soluble refuse matter. 
This accumulates in the interior of the glolmle and is not shed into 
the current of the blood until the globide bursts. .Vt fii’st it is too 
much diluted to l)e active, but its <inantity increases, as does the num- 
ber of parasites, and soon it produces a first febrile condition. It is 
generally su2)j3osed that the fever becomes more and more A'iolent 
if it is not treated Avith quinine: that is to .say, that the to.xines are 
discharged into the plasma in greater and greater quantities. This 
example is. I think, sufficiently characteristic: it has at least the 
merit of being taken from a disease Avhose coiu'.se is knoAvn to every- 
one. and. besides, it is the only rational explanation of the febrile 
phenomena. 

In vicAV of this, it is not surprising to find that the trypano.somata 
also produce toxic substances to Avhich Ave must attribute some of the 
symptoms of the slee[)ing sickness, in partietdar the somnolence 
characteristic of that malady. It is already knoAvn that the Bothrio- 
cephalus sometimes causes jirogressive jiernicious aiuemia, not be- 
cause it occa'ions an intestinal luemorrhage, but as a con.sequence 
of the absorjAtion of sub.stances Avhich it e.xcretes, and Avhich arc 
voided into the intestine: aac .suspect that other Helminthes may be 
similarly effectiAe in a greater t)r less degree. Here, then, there is 
opened an entirely iicaa' chapter in chemical physiology and Ave may 
.say that it uoav appears to be beset Avith the most serious difficulties. 

In liringing these questions before you I do not pretend to IniA'c 
shoAvn all the aspects in Avhich zoologA- is related to niedicii\e. The 
union ol these tAvo sciences becomes cA'cry day more close. Sir 
I atiick iMan.-'On said to me one day, The time is near at hand Avhen 
every -chool of medicine Avill haA’e a chair of zoology: in France 


n R, Blani'Uai'il. Siilist.nii-cs tnxiijues ja-oduites par les parasites 
.Xrehives de ParasiUildfcUe, X. p. .S-R irK.»,A. 


aniaiaux. 



ZOOLOGY AND MEDICINE. 


451 


you have accomplished this in advance of other countries. ’ This 
remark of the illustrious English parasitologist was not to remain 
as a mere empty phrase. Less than two years later the School of 
Tropical Medicine at London established, in accordance with his 
recommendation, a chair of protozoologi’^ and one of helminthology. 
This example was soon folloived by the School of Troiiical Medicine 
of Liverpool, where there was established a chair of animal para- 
sitology, then by the universities of Lomlon and Cambridge, who 
happilv confided to Professors Miiichiii and Xuttall a new course 
of instruction relating to the protozoa and their relations to disease. 

Thus were surpassed at one stroke the French faculties of medi- 
cine, who could only offer in competition with these seasonable and 
opportune innovations their tim(‘-worn inslruction in medical natural 
history. I have already mentioned umh'r what influence this instruc- 
tion became specialized as rc'gards animal and vegetal parasitology, 
exclusive of bacteria.'' but T regret to add that owing to the insuffi- 
cient funds allowed it has often a meiidy theoretical character. Xow, 
we have shown what imi)ortant problems it is urgently necessary to 
solve and in what direction science ought now to proceed. The 
researches which are now to Ix' made can not bo jiroductive of satis- 
factory results uidess powerful and adequate means are employed. 
I mean unless sufficiently large sums an* furnished. iMoney is not 
only the sinews of war: it is still more the sinews of science. Success 
smiles on those ivlio, abandoning theoretical and abstract speculations, 
grapple closely with jiroblems and tear from them their secrets. 

The schools of tropical medicine of London and Liverpool have 
during the jiast five or six years done remarkable work in the field 
of the parasitology of hot climates, not so much because of the excel- 
lent quality of the eminent men who have conducted the new move- 
ment. a quality which is certainly incontestable, as becau.se of the 
considerable subsidies that the generosity of the public has put at 
their disjiosal. Other countries have attacked the matter in another 
way. Germany, for example, has e-^tablidied at the inqierial oltice of 
public health (Kaiwrl'n hex (r'cxii/id/icifxif/nf) a section of animal 
])arasitology at whose head Doctor Schatidinn was placed and given 
at once the title of councilor of state. This was a fitting supplement 
to an institution that has ali’eady rendered most signal service, and 
is a point of departure for further jirogress. But Schaudinn was 
not to remain at the imperial office. He soon quitted it for the Xaval 

a By .a decree dated December I.Y ItMiU. tUe chair of medical natural history of 
the Faculty of Medicine of I’aris was transformed into a chair of jiarasitology 
and medical natural liistory. This does not change in any way m.v functions or 
my means of action. It is merely a recognition of a st.ate of things tliat has 
existed for nearly ten years, and the official sanction t)f my efforts. 
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Institute of Medicine at Hamburg, where a premature death awaited 
him. Parasitologj’ mourns his loss. 

The United States, too. having become a colonial power by the 
conquest of Porto Kico and the Philippines, have established at 
Washington, as a dependence of the Marine-Hospital Service, a 
division of medical zoology, of Avhich Dr. Ch. IVardell Stiles is the 
eminent chief. His past will answer for his future. Under his 
zealous leadership the new division can not fail to become one of the 
most active and prolific centers of scientific research. 

Such examples might well be followed by all countries that have 
intertropical colonies. It is. indeed, not sufficient to note the progress 
of one’s neighbor ; there should also he assigned to scientific research 
the sums requisite for it. Let us hope that the countries that have 
hitherto shown themselves inert or too parsimonious may soon 
comprehend that it is due to their honor and to their scientific repu- 
tation to establish laboratories of the same kind, or at least to 
endow with a greater liberality those which already exist and which 
do not lack the will to do good work. 

Whatever may hajipen, it is clear that medical zoology is only at 
the beginning of its career. Numerous important jiroblems present 
themselves that demand an immediate solution and the penetra- 
tion of civilized nations into regions hitherto unexplored or insuffi- 
ciently known will bring forward a great many others to which 
parasitologx’ will furnish a solution. After the remarkable success 
which bacteriology has had we greet with confidence the dawn of the 
day when medical zoology will obtain its highest develojunent. 
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By EuGEXE LElfAlRE. 


Chemistry respects nothing. Xot long' ago it invaded a domain 
which would seem forbidden to it, that of art. To-day it instructs 
artists how a painting should be made, connoisseurs how it should be 
bought, and collectors how it should be preserved. 

It is true that there have always been painters who, ignorant of 
chemistry, have yet produced admirable and unalterable works, but 
they are the exception; and chemists claim that these artists while 
preparing and trying their colors, mixtures, and vaimishes used chem- 
istrA’, as M. Jourdain used prose, without knoAving it. 

It is forty years since modern chemistry made its entry into the 
domain of painting. The BaA'arian chemist. Max von Pettenkofer, 
a professor of chemistry at Munich, living in the midst of the 
artistic riches of that great city, among artists, an artist himself, 
had been struck by the ignorance of museum custodians regarding 
the restoration and rational preservation of paintings, and he resoHed 
to study these cpiestions. He Avas fortunate enough to establish prin- 
ciples and formulate rules Avhich should be a guide to custodians. 
To-day these rules are obser\’ed in all large museums. A memorable 
example, among others. Avill shoAv Avhat it cost one of the richest 
museums for having transgressed them. The city of Lille, finding 
its pictures crowded in the city hall, the old palace of Bihour, had 
constructed at great expense a vast and luxurious palais des beaux- 
arts, destined to contain its richest collections. Unfortunately, in 
1895, three years after the opening, all the pictures Avere in such a 
pitiable condition that it Avas necessary to remove them at once, to 
loAver the ceilings of the immense rooms about 8 feet, to diA'ide them 
by partitions, and to entirely remodel the system of heating and 
A’entilation. 

Before passing to the preservation of a picture, an example Avill 
shoAv Avhat aid chemistry can give to the purchaser or the collector. 

a Translated, by permission, from La Xature, Paris. Xo. 17G0, February 16, 
1907. 
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If we cut from an oil painting a Miiall strip about a millimeter wide 
and a few millimeters long, we do not injuie or detract from the value 
of the painting, especially if the strip l)e from the edge, but wc have 
a sample sufficient for many microscopic })reparations for observing 
the layers in cross section. All the touches by the painter then 
appear in parallel bands laid on in chronological order, and from 
them we learn the nature, composition, and ev(m the age of the 
several layers. It will thus be easy, knowing the style of the master, 
to determine whether a date or a signature are apocryphal — that is, 
whether or not they are between two layers of varnish and whether 
or not the varnishes are of the same composition. 

The chemical questions that have to do with painting have been 
carefully studied in recent years by a chemist of world-wide repu- 
tation, Doctor Ostwald. of Leipzig, who is one of the founders of 
physical chemistry as well as a talented painter. In collaboration 
with A. Genthe he at first investigated the question of drying, and 
showed that the oxidation of linseed oil which accompanies the dry- 
ing process is not a normal chemical reaction. At first the process 
of absorption of oxygen proceeds very slowly, then it increases, 
attains a maximum, diminishes, and finally maintains a con.stant 
value almost indefinitely. With a normal reaction this rapidity 
would immediately assume a very great value, then (piickly diminish. 
It Avas understood that this divergence Avas due to the formation, 
from the jiroilucts of o.xidation of the oil, of a catalytic substance — 
that is to say, acting apparently by its mere presence, and after the 
manner of a ferment, to produce reactions. The oxidized substances, 
Avith Avhich the linseed oil is left iti contact or burned, has no other 
effect than to give birth more rapidly to that substance, and the dry- 
ing oil that is added in small quantities to c(jlors to make them dry 
more (piickly contains notable proportions of it. 

Other experinumts have proAed that the autocatalyzation of lin- 
seed oil is hastened by light; in other AAords, that a painting dries 
more quickly during the day and in the sunlight than during the 
night and in darkness. It is mori'OAer a fact Avell known to painters 
that, other things being equal, the light paints dry more quickly 
than the dark. Ihis is due to the fact that the black pigment 
absorbing the light himhu’s it from ha.stening the oxidization of the 
oil. In hasten the drying of a picture it should be put in full sun- 
light, but it it is to b(‘ kept fresh, put it in thirkness. 


( Al S|;s OF I'lIK DI’.S'l in ( rioN Ol' nAlXTlXOS. 

To make an unalterable and diirabh' jiainting. one must necessarilv 
know all the possible causes of alteration and destruction. These are 
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many. They are. first, darkening of oils and varnishes; second, the 
chemical action of pigments one on another: third, the diversity I'f 
action of exterior agents on the layer of paint and on the support. 

In the long run all oils and varnishes resinify and turn brown, 
d’he picture then becomes covered with a more or less opaque layer, 
beneath which the original colors, even though remaining pure, 
appear as if veiled in Idack It is to this action that the " museum 
tone ” of almost all old paintings is due. Frescoes are naturally 
exempt from it. Zc Juf/emcnt (hr/ikr. by Michael Angelo, in the 
Sistine Chapel of the Vatican is no exception to this rule: its darken- 
ing is of exterior origin it is due to the incense arising from the 
alter which was formerly placed before this fresco. As this brown- 
ing or darkening is due to the oxidization of oil. Doctor Ostwald 
recommends, to prevent this action, that the paiiiting-s be sealed be- 
tween two pieces of glass cemented at the edges. 

All painters know to-day the disastrous etfect which is produced 
in the end by the use of a color which has a lead base (white lead, 
for e.xample) when mixed with another color containing sulphur, 
such as vermilion or cadmium yellow. By double decomposition the 
lead ultimately returns to its most stable form — that of the black 
sulphide, because the elements of that transformation have been fur- 
nished to it. Confined air. which always contains a little hydrogen 
sulphate, produces, moreo\ er, this same blackening of all colors with 
a lead base. 

It is to these kinds of reactions that must be attributed “ les 
repentirs,” apparitions in the light parts of a painting, of subjects 
which were afterwards covered over and form there a subjacent 
layer. 

To avoid the difficulties of mixing, which are always to be feared, 
some painters prefer to obtain the etfect of the fusion of colors by 
their juxtaposition with light touches. Near at haml the effect is 
often deplorable, but at a distance it is always very good if the 
painter has a profound knowledge of the laws of optics. This 
explains how that method, yet little understood, is much superior 
to the other from a technical point of view, but it does not lend itself 
easily to all kinds of painting. 

The early painters knew the greater part of these actions, at least 
in their effects, and took account of them. It is to them that we owe 
the effects of chiuroxcnro. the triumph of liembrandt. Some people 
believe that Ivcmbrandt painted with a vivacity of color to shame our 
most hardy impressionists, but he put on his tinished picture a mix- 
ture called ‘MIembrandt sauce," which had the effect of darkening 
all the tones. If we banish lead, we must also lianish the use of 
litharge for making a drying oil, for it always leaves some traces in 
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the oil : it is even possible that to these traces may be clue the darken- 
ing of varnishes, the museum tone " of which we have already 
spoken. 4 Ve have recourse, then, to driers of manganese base, which 
to-day leaves nothing to be desired. 

We have sought to replace white lead — a poison, as are all lead 
compounds — by zinc white, ZnO, which, while forming compounds 
with sulphur, does not lilacken, for zinc sulphide, ZnS, is white. 
Unfortunately, zinc cvliite does not spi-ead as well as white lead; at 
equal weight of pigment it will cause to disajipear, even quicker than 
white lead, a subjacent painting; but this same weight ought, then, 
to be ajjplied in a greater number of layers, for zinc white does not 
mix well with oil. This is a great difticulty. Fixed white or sul- 
jdiate of barium, yO^Ba, absolutely unalterable, has not giv'eu the 
best results. It was then that “ lethophone ” was discovered. 

Lethojihone is a mixture of suljihide of zinc and sulphate of 
barium, both white substances, which are formed when we make 
solutions of sulphide of barium and sulphate of zinc. BaS-l-S04Zn= 
ZnS-fSO,Ba. 

Unfortunately, though the sulphide of zinc and the sulphate of 
barium taken alone are absolutely unalterable jirepared in this man- 
ner, and without one knowing why. they give a mixture which dark- 
ens in the light. It is true that the whiteness returns after the letho- 
phone has been placed in darkness. This curious property was none 
the less an obstacle in its employment. This obstacle no longer exists, 
for Doctor Ostwald has found the means of avoiding the darkening 
and guarantees the absolute whiteness of the painting in lethophone 
should it be exposed three hundred years in full sunlight. This is, 
it seems, the maximum length of time for which the best of colors 
are guaranteed. 

All these alterations are serious, but they are not definite or with- 
out remedy, for. strictly speaking, treating the pictures carefully 
with hydrogen jieroxide. they can be whitened. Another serious 
thing is the cause which produces the cracking and which is due to 
the diversity of the nature of the layer of paint and its siqjport. 

This siqijiort is generally a canvas, which contracts under the effect 
of dampness and cold, while the layer of paint, on the contrary, 
expands under the same conditions. When the layer of paint is 
thin, it maintains a certain elasticity and lends itself to the changes 
of dimensions, which the variations in temperature and humidity 
produce : if it is too thick, it breaks. To cpiote Doctor Ostwald : 
'• The duraliility of a picture is inversely proiiortional to the thickness 
of the layer of color." 

All the old paintings that liave come down to us without cracking 
were made very thin. This was the style of the early painters, as 
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Example of Cracks in a Painting on Canvas. 
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Van Eyck and Ghirlandajo. It was also of Raphael and his pupils; 
his Sistine Madonna, at Dresden, bears the date 1515, and is without 
any cracking. In the same good condition is the jiortrait of Charles 
I, and especially the Portrait of an Unl-noicn J/aH, by Vandyke, 
which are in the Louvre. The state of preservation of some of 
Rubens paintings in the Louvre is almost as 2 )erfect. 

In a great number of these ^laintings the layer of ^laint is so thin 
that one can almost always see the texture of the canvas under the 
color. 

Our modern painters are much less careful than the old masters, 
and may be said to destroy their own works. If it is consoling to 
think that all that we see at each new salon will not jiass on to pos- 
terity, it is none the less regrettable to count Ingres among those 
whose work must disa^iliear. His Triomphe de Clicriihini, in the 
Louvre, which is dated 1842, is in a lamentable state, in sjiite of the 
very skillful restorations that have been made on it. Although a 
gi’eat admirer of Raiihael, Ingres did not imitate his technique, and 
he has left us only one picture iiainted well and having some chance 
of living; happily it is la Soarce. 

It is easier to give oneself up to inspiration and to work feverishly, 
as one actually does, than to paint finely, as was formerly done; but 
in painting, as in sculpture, or in engraving, the artist ought to be a 
master of his tools and in full possession of all his powers at every 
moment ; in a word, he should be a man of his trade. 

There is, however, a jirocess that is not disposed to cracking; it is 
that of pastel. Here the color is already divided into granulations 
and does not form an uninterruiited layer when it is laid on. Unfor- 
tunately, the pastel, although well established to-day, does not lend 
itself to the same effects as painting in oil. The painter Ra^ihael 
sought to unite the advantages of the two processes some years ago 
by inventing oil colors solidified in sticks, which could be emploj-ed 
as pastel. These colors were taken from the scrapings or essence, 
and the paintings had to be varnished as ordinarily. It does not 
seem to have had great success, and this is very jmobably because it 
is suited to only one style — the style of Rajdiael. 

There remains a last solution — that of a rigid support ; but is there 
such a thing? Xo suiiport is perfect, but hard wood, well seasoned, 
gives much better results than canvas. It has, however, the incon- 
venience of limited dimensions and is exjiensive. xV support which 
has 2 ierhaps not been sufficiently considered is sheet metal. It is 
difficult to judge by exjierience of the quality of such a support for 
no very old paintings exist on metal; metal was formerly a very 
costly product, for the reason that, u.sed as a support, it would have 
to be very homogeneous and of sufficiently great dimensions. It may 
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be understood by exanuniii”; hi Minlch-inc of Reiii. which has been in 
the Louvre over four hundred years, that this solution is an excellent 
one when all the other necessary precautions are taken. This little 
paintino;. 15 by 20 inches, is on sheet iron; its colors have kept all 
their freshness, and it does not show the least trace of cracking. The 
painting looks almost like an enamel, and has followed without any 
deterioration all the deformations of the metal, which is, however, 
gi’eath’ crinkled. 

Thanks to the notable progress which metallurgy has made in these 
later years, one can secure to-day, and at a very fair price, thin sheets 
of iron of many square meters of surface which seem to answer almost 
all the needs of painters. The metal sulfers insignificant modifica- 
tions in the manner of manufacture so that they constitute almost 
perfect supports; in any case neither more or less heavy than the 
jiresent large frame and just as easily handled. 



OILS. YAEXISHES, AND MEDIU^klS USED IN THE 
PAINTING OF PICTURES.' 


By A. P. Laurie. M. A., D. Sc.. 

Piiiiriijiil of iJic JJeriol-Wutt VoUeye, lUlinhuryh. 


While in the jDast various mixtures were used by artists for paint- 
ing. some of which are only obscurely understood, the necessary medi- 
ums for modern jjainting are comparatively few. 

The old painting in beeswax, which has proved remarkably dura- 
ble, is no longer practiced, and tempera jiainting with an egg medium 
is only used now and then. There are in this connection certain 
unsolved problems, such as the real nature of the medium used by 
Van Eyck and his immediate successors, which are of historical inter- 
est, but which I do not propose to discuss here. The medium in 
which till' pigments are mixed must be closely related to the technique 
adopted by the painters of the day, and it is not at all probable that 
the medium used by Van Eyck, while united to his technique, would 
be of the slightest practical use to the modern painter. An artist's 
medium, then, has to serve more than one purpose. It must attach 
the pigment to the paper or canvas on which the picture is painted; 
it must facilitate the use of the pigment by the artist, and it must 
liring out all the qualities of translucency, and so on, which the pig- 
ment possesses. It should also, as far as possible, protect the pigment 
from change and injury, either mechanical or chemical. The sim- 
plest example of such a medium is the mi.xture of gum arabic and 
water used in water-color paintings. The gum arabic serves to 
attach the jiigments to the paper, while the water gives the necessary 
facility to the iiigment under the brush, and the qualities of the pig- 
ment are developed by thicker or thinner washes on the white paper 
background. ,Such a medium, however, does nothing to protect the 
pigments used from change and has a limited though beautiful range 
of expression. 

Painting in oil is practically the only other method used by the 
present-day artist, and it is to painting in oil that this discussion will 
be devoted. 

« Keprinted, by peniii.ssion, from .Tinirnal of the Society of .\rts, London, No. 
1.'837, Vol. LV, I’l-iday, Ajjril .b, 1907. 
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In selecting an nil as suitable for artists' jiurposes it is necessary 
to choose what is known as a drying oil." If, for instance, jiig- 
inents are ground in olive oil the surface would never dry, and it is 
thei’efore useless for the purpose. There are certain vegetable oils 
which liai e this iiroperty of drying and which are therefore suitable 
for aitists' purposes. I shall only refer to three here — linseed oil, 
pojipy oil, and walnut oil. There is no need to trouble you with the 
chemical conipositiou of these drying oils, but it is important that 
the nature of this drying process should be clearly understood. 
These oils do not dry in the ordinary sense of the term at all. They 
undergo a process of oxidation when exposed to the air. which con- 
verts them from a li(|uid condition into a tough elastic solid, a solid 
which slowly undergoes further oxidation, becoming brittle, hard, 
and resinous. It is then to this process of oxidation that their pecu- 
liar properties are due. 

These oils are obtained from the seeds or nuts and are pi’esent in 
those l)odies as part of the reservoir of food supply for the young 
embryo of the future plant. 

The oil from linseed is obtained by crusliing. grinding, and pressure, 
and in order to increase the yield the ground mass is heated as well as 
pressed, thus obtaining what is known as a hot-pressed oil, which is 
subjected to various jjrocesses of refining and bleaching. Personally, 
while regarding such an oil as (piite suitable for house painting, I 
doubt very much the wisdom of using it for artists' i)urposes. The 
hot pressing results in the presence of many impurities, which are 
removed by the addition of sulphuric acid. The chemistry of the 
whole subject of painters' vehicles is so obscure that it is as Avell to 
cling to tradition A\ hei-e possible. 

The linseed oil of the earlier centuries Avas cold-]n-essed linseed and 
was refiiu'd and bleached by the simple jjrocess of exposure to air 
and sunlight oA'er Avater. These methods yield a beautiful oil and 
should be adhered to for artists' purposes. 

Poijpy oil is obtained from the seeds of the opium pop25y (Papaver 
soiniiifi rn m) Ijy crudiing and pressing or by other means of extrac- 
tion and is easily bh'ached. It is often used for grinding Avith AA'hites 
or delicate blues. It dries more sloAvly than linseed oil. but has the 
aclA'antage of being almost colorless. 

Walnut oil is obtained from the common Avalnut {Juglans regia) 
by alloAving the nuts to decomiiose jiartially and then pressing, and 
can be obtained almost colorless. It Avas largelv used Iaa' the early 
Italian paintiu's as a drying oil. There are other drving oils, but 
They are not of special interest to artists. 

IlaA'ing briefly discussed the three drying oils commonly used for 
artists' pm i>oses, Ave iioAv go on to consider some of the other vehicles 
and mediums. The plgnient having been ground stiffly in oil is sup- 
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plied to the artist, who may thus dilute or mix it further, and we 
shall proceed to consider the materials he may use. 

In the first place, he mat’ merely add a little more of one of the oils 
already referred to. In case, however, that he wishes his picture to 
dry faster, he may use as a medium instead of raw oil, boiled or dry- 
ing oil. 

The property of the boiled oils depends upon the fact that if, for 
instance, linseed oil is heated for some time with certain compounds, 
more usually either compounds of lead, such as lead oxides or lead 
acetates, or compounds of manganese, such as manganese borate or 
resinate, it becomes partially oxidized, and if painted out on a surface 
will “ dry " much more quickly. 

Of the two methods of jmeparing drying oils described above, the 
use of manganese is, I think, preferable, and for this reason : A cer- 
tain amount of the substances used dissolves in the oil, and conse- 
quently an oil prepared with load dryers contains lead in solution 
and is very easily darkened by impure air containing sulphur com- 
pounds, such as sulphuretted hydrogen. It is therefore probably 
better to keep such oils out of modern pictures which are exposed to 
the impure air of cities. 

Besides diluting with oil, the artist may prefer to dilute with a 
medium which will evaporate and leave the layer of oil originally 
present behind, dhe mediums most commonly used for this purpose 
are either turpentine or petroleum. Turpentine, which is obtained 
by di.stilling the natural gums of the various pines, is a very suitable 
medium, as it not only evaporates easily, but also assists in the oxida- 
tion of the oil. It has l)een objected to turpentine that it does not 
evaporate clean, but always leaves a slight resinous residue behind. 
This is quite true, hut the amount of this residue is very small, and, 
as far as my experience goes, it gets fairly hard in time, so that there 
is probably no objection to its use on this ground. 

The petroleum oils have the advantage when properlv rectified of 
evaporating quite clean and leaving no residue. I have said when 
properly rectified. It is important before using such a medium to 
moisten a piece of blotting paper with it and expose it to the air for 
a short time. If properly rectified, the petroleum evaporates com- 
pletely. leaving no greasy stain behind. 

Artists sometimes forget the real property of these mediums and 
then complain afterwards that the pigment does not adhere properlv 
to the surface of the picture. The amount of oil used for grinding 
different pigments varies very considerably. If the ground is 
slightly absorbent and the pigment stiffly ground and diluted by the 
artist with petroleum, the oil in the pigment dissolves in the petro- 
leum and passes freely into the absorbent ground, leaving the pig- 
ment when the petroleum has evaporated without sufficient oil to 
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bind it to the canvas. This may happen with one pigment, but not 
with another, if in the original gi'inding more oil has been necessary 
to get a good consistency. 

Having now dealt with the more important diluting mediums, we 
will consider next the question of varnishes. A very large variety 
of gums or resins are now available for varnish making, but theTiuni- 
ber used for artists’ purposes is not great. 

Varnishes may be conveniently grouped into two divisions — the one 
called spirit varnishes and the other oil varnishes. The spirit var- 
nishes are prepared from the softer and more soluble gums by dissolv- 
ing them in some medium which will evaporate and leave a layer of 
pure resin behind, such as turpentine, alcohol, or petroleum. The 
varnish artists are most familiar with is prepared by dissolving gum 
mastic in turpentine. By evaporating, a layer of mastic is left be- 
hind. Shellac is usually dissolved in alcohol, and thei'e are also 
jietroleum varnishes in use. 

Such spirit varnishes are brittle, weak, and easily dissolved or re- 
moved. They should therefore form no part of the liody of a picture, 
but may be used to varnish a completed picture when thoroughly hard, 
mostly as a protective transparent coating, which can be easily removed 
without injuring the painting beneath. Mastic varnish, for instance, 
can be removed by lightly rubbing with the tips of the fingers, the 
powder of the resin largely assisting. They are apt to bloom, in 
which case the bloom can be removed by a damp cloth, and some hold 
that they tend to crack the ificture beneath: I have found no laroof 
of this, however. 

We next come to the oil varnishes. Oil varnishes are or should lie 
made of the harder gums which will not dissolve freely in turpentine 
or alcohol. To make an oil varnish the gum is fused and the hot oil 
added, and the whole heated until a drop placed to cool in a glass 
plate cools clear. It is then diluted with turpentine. To prevent too 
.slow drying a drying oil may be used, or driers aihleil. and heated 
with the varnish. While thus the fundamental process is simple, in 
practice great technical skill is required. But again, either manga- 
nese or lead driers can be used, and I advi.se for artists' use manganese 
driers, although the varnishes so prepared do not in my c.xperience 
dry so quickly. The number of gums available, their means of sup- 
ply, names, and properties form a large and confusing subject, 
especially as no fixed and clear nomenclature has been arrived at. 

For artists purposes a hartl gum should be utilized, such as Zanzi- 
bar or Sierra Leone copal, or the hard kauri gum from Xew Zealand. 
Carefully selected pieces, light in color, should then lie carefully 
fused and incorporated with pure linseed oil. Amber is a very hard 
gum of high melting point. The main trouble in using it 'is the 
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difficulty of preventing it from getting too dark on fusing. This 
can be overcome, but in so far as I have been able to test its properties 
it has no advantage over the kauri resins or copals. These, then, are 
the principal mediums in everyday use for iiainting oil pictures. I 
have excluded all special fancy mediums, as I do not know their 
composition. They may be quite harmless, but I object to them as a 
doctor objects to a patent medicine. An artist, if he is wise, will 
oidy use such mediums as are of known composition and have stood 
the test of time and experience. 

We shall next, then, jiroceed to consider various problems which 
arise in connection witli these mediums, and which I may frankly 
say are far from lieing solved. 

In the first place, then, how far do pigments act chemically on each 
other when mixed in an oil vehicled To take a typical example: Will 
a mixture of white k'ad, which is so sensitive to sulphur compounds, 
turn lilack wlien mix('d with wiTiiilliou (suljdiidc of mercury) or with 
cadmium yellow (sul])hide of cadmium) ? It is sometimes stated in 
the text-books that these pigments must not be mixed together, but all 
practical experience is against this view, and when we examine a 
pigment ground in oil under the microscope and notice how the 
jiarticles are <“ach i)rotected by a layer of oil it is difficult to see how, 
unless the piguK-nt is sohilile in the oil, any action can take place. 
There is one well-known case when such action does take place, the 
turning brown of a green made with emerald grta-n and cadmium 
yellow, lint this. 1 take it. is due to emerald green dissolving slightly 
in the linseed oil. I once made an experiment wliich I think is of 
int(‘rest in this connection. T rulibed out some cadmium yellow 
ground in oil on a glass jilatin allowed it to dry, and then coated it 
with a layer of linseed oil, allowed this to dry and then coated this 
with emerald green in oil. At the end of six months the combination 
had turned brown and a section under the microscope revealed the 
fact that the toji layer of cadmium yellow had turned black. This 
must have been due to the solution of the copper in the emerald green 
in the linseed oil and the slorv diffusion of the copper salt molecules 
through the solid oil, with formation of black copper sulphide. It 
is evident then that pigments soluble in linseed oil will slowly diffuse 
through the solid oil and attack other pigments, but if they are in- 
soluble no change seems to take place. 

The next question is. flow far does the oil protect pigments from 
external influences — air. moisture, and injurious gases? I read many 
yeai's ago a pajier dealing with this subject at the Society of x'irts,® 
Ignited sulphate of copper is a white opaque powder which is in- 

0 .Journal, Yol. XXXIX, ISUl, p. :\ 02 . 
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tenseh' hi’groscopic, and in attracting moisture forms a transparent 
green hydrate. If, then, it is ground up with various media, which 
are allowed to dry in dry air and then exiiosed to moist air, the white 
opaque enamel will become green and transparent if moisture pene- 
trates. One result was to show that while pure resins dissolved in 
turpentine formed moist-tight surfaces, oils and oil varnishes were all 
quickly permeable. 

The same is true of other gases. Sulphuretted hydrogen quickly 
blackens white lead in oil through even an oil varnish, but if the white 
is ground in Canada balsam and then varnished with Canada balsam 
the white is protected. Verdigris forms a permanent green in such 
a medium. It does not. hoAvever, stop, though it checks the fading of 
crimson lake, showing that there is probabh" some decomposition of 
this color in sunlight apart from air and moisture. 

It is evident, then, that while a freer range can be allowed to the 
oil color than to the water color palette it is safer to select pigments 
which are permanent in themselves, and not to trust to their pro- 
tection by the oil from change. 

The next question to be considered is the durability of the oil and 
varnish surfaces themselves. This has not received very much investi- 
gation as far as I am aware. I have been recently making experiments 
with a view to getting some comparative test for the combined tough- 
ness and hardness of a varnish. The method is to place the varnish 
painted out on a glass plate, and dry, under a blunt steel point, the 
pressure of which on the varnish can be increased by known amounts 
with a spiral spring. 

The varnish is then drawn under the point, and the pressure is in- 
creased until the varnish shows a clear definite scratch. Under this 
test the brittle spirit varnishes break down at a pressure of 100 grams 
on a steel point of 1 millimeter radius, oil varnishes made from soft 
gums at from 600 to hOO grams, and oil varnishes made from hard 
gums at from i)00 to 1.200 grams. ^Moreover, the character of the 
scratch is very different. Varnishes with an excess of resin in them, 
and therefore made from soft, easily dissolved gums, give a splintery 
scratch, while the tough oil A’arnishes, made from hard gums, give 
a tear. On exposure to weather during ivinter the A’arnishes are all 
soon reduced to a brittle surface which scratches at 100 grams. In 
summer, howeA’er. they are improA'ed by exposure. This clearly in- 
dicates that frost has probably much to do with this, and it is Avorthy 
of further inAestigation. It is easy by this machine to pick out a 
good A’arnish for the artist to use as a medium, and if this is done, 
no doubt the life of the picture, if kept under proper conditions, Avill 
be very much increased. 



Smithsonian Report, 1906 — Laurie. 


Plate I. 



1. Varinsh testing machine. 



Varnish Testing and Microphotography of Cracked Pictures. 
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The next question to be considered is the occasional and cajiri- 
cioiis cracking of pictures. The explanation of this has, I confess, 
so far completely baffled me, but there are certain matters of interest 
in connection -with it worth mentioning. 

The great difficulty I have found in investigating this matter is 
due to the fact that I have been unable, under any condition, to 
produce cracking. The first experiment I tried was more than 
twelve years ago. when I painted out two. three, and four coats, 
following each other quickly as soon as the last coat was sufficiently 
dry on the surface, of flake white (1) ground stiff with oil, (2) 
diluted with more oil. (.3) diluted with copal varnish and (4) diluted 
with petroleum. 

The same set of experiments were repeated with lead sulphate 
and zinc oxide paint, and with pure zinc oxide, thus making in all 
48 different jianels representing the different conditions. They ai’e 
all perfect and show no signs of disintegration to-day. I have also 
tried jiainting on ordinary primed canvas with yellow ocher, and 
then as soon as it was sufficiently dry. laying over it strips of umber, 
a quick-drying pigment — result, no cracks. 

I have also tried the following combinations: Undermost oil 
paint + mastic or pure mastic, second coat oil paint, third coat oil 
paint + mastic, umber mastic, then yellow oclier. then mastic 
varnish, oil paint -j- olive oil, umber in oil on top. mastic on top, 
shellac varnish on top. and other similar combinations. All were 
hurried, no jiroper time for drying was allowed, and after twelve 
months they were free from cracks. 

In no instance did any crack, with the exception of the shellac 
varnish, on the paint mixed with olive oil. I noticed, however, one 
curious result, the yellow ocher on the top of mastic varnish cracked 
Avhile still wet, owing to surface tension effects, but changed no more 
after it was dry. 

The.se e.xperiments. then, were all negative in their results, and cei'- 
tainly eliminate many of the cause.s to which cracking is supposed 
to be due. 

I had the good fortune to be pre.sented with two pictures which 
had cracked badly within a few months of painting. In the first 
picture mastic had been used as a medium, and the cracking was 
confined to the paits where thin liquid painting had been done and 
mastic probably freely used, as the .surface here was hard and brittle. 
The canvas was of very poor quality, hardly closer in mesh than 
coarse muslin. A section through a crack when placed under the 
microscope showed the ci-ack to be merely through the upper paint- 
ing, and to be a broad crack with straight edges perpendicular to 
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the painting' surface. The jirimingr hatl not cracked, hut seemed to 
be drawn out under the crack. 


Tlie second jiicture -was iiainted on a closely -woven canvas tvhich 
had been lightly sized and thinlt' primed by the artist with a mixture 
of 2 )ignients ami linseed oil. The cracking was confined to the white 
masses of hard dry paint in the sky. A .section sliowed that these 
cracks also formed broad cracks with perjjendicular edges without 
injury to the undercoating of paint. I'he undercoating of paint 
did not, however, seem to be projterly attached to the canvas, a layer 
of s 2 X)ngy, disintegrati'd material a252>Efently hat ing formed in some 
way. This condition of things 2 n'evailed all over the canvas and 
suggested that, owing to some disintegi'ation between the canvas 
and the lower coats of 2 )aint. the coats of 2 iaint liad lieen stretched, 
resulting in cracking of the ti 2 i 2 tEr coat where it was not elastic 
enough to yield. In order to get some light on the 2 iossible causes 
of cracking. I determined to measure the actual movements taking 
2 ilace in the canvas itwlf under difiVreiit conditions. For this 2nn’- 
21086 I attached a strip of sized canvas by one end to a glass cylin- 
der and weighted the other end so as to kee]-) it taut over the cylinder. 
A platinum wire was firmly sewn to the canvas across and pi’oject- 
ing out each side, and two little glass rods attached to the glass as 
indicators. The kmgth of the canvas from the attached end to the 
platinum wire was -2 centimeters. By mea'-uring the distanct' 
between the glass rod and the 2 ilatinuni wire it -was to 

measure any ex 2 iansions or contractions of the canvas itself. 

By measuring at lioth ends and taking a mean any twisting of 
the canvas was eliminated. On first measuring, the average dis- 
tance between the gla^s rod and the platinum wire was 0.4.') milli- 
meter. The cylinder was then inclosed for twentv hours over strong 
sul23huric acid so as to dry the canvas thoronghlv. The distance had 
now increased to millimeter, .showing a contraction of the canvas 
on drying. It tvas now ke 2 it for twenty hours in an atmosjihere sat- 
urated with water vapor. 


At the end of this time tlie readings .showed a distance of 0.28 
millimeter, showing a total ex 2 )ansion from dry to moist air con- 
ditions of 0.27 millimeter. On again re 2 ilacing over strong sulphuric 
acid the distance increased to 0 ..j 7 millimeter, showing a change in 
length of 0.20 millimeter, or. taking the mean, of 0.28 millimeter. 

Hie canvas was now 2 iainted thickly with yellow ocher and put 
back in the sul])huric acid and allowed to dry. After one day the 
distance between the 2 )oints was 0..74 millimeter, and after thirteen 


dat s. V hen the paint was fairly dry. it was 0..777 millimeter, showing 
very slight changes in length during the drying of the paint. After 
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twenty days the distance between points was O.'yJ millimeter. On 
now putting into saturated water vapor, the distance between the 
points became 0.36 millimeter instead of 0.'28 millimeter, showing 
a distinct and definite contraction on the original canvas. 

A coat of timber was now laid on the ocher and allowed to dry 
in saturated air. In three days the umber was dry. and the distance 
between points was 0.34 millimeter. On now putting liack in dry 
air a further slight contraction took place, the distance between the 
lioints becoming 0.66 millimeter. 

A coat of yellow ocher was now put on and left over sulphuric 
acid ; at the end of seven days (he I'eading was 0.73 millimeter, and 
at the end of a fortnight 0.72. 

These figures are a little difficult to follow, but leaving out small 
fluctuations they bring out the following facts very clearly: 

In the first place, the total expansion, from ilry to moist air. of 

the canvas tested, was 0.2b 

millimeter for 2 centimeters I ' ' i 

length, or for 1 centimeter 
(that is, 10 millimeters) it tvas 
1.4 per cent. In the second 
place, the drying of the thin 
layers of paint produced a 
total contraction of the canvas 
amounting to about O.lfi milli- 
meter. This contraction did 
not necessarily show itself 
while the laxint was drying fig. i .— for irE.wuRixr, rxp.ix'iiox .\yD 
under fi.xed atmosiffieric con- con-trmtiov c,sv.i« 

ditions. but as soon as the canvas was sot moving bv change in atmos- 
pheric conditions, it asserted it.self. 

It is of inteiest to compare the magnitude of tliese movements with 
those required to produce a badly cracked picture. 

The cracks in the picture mentioned aljove varied in diameter from 
0.12 to 0.3 millimeter, roughly averaging 0.2 millimeter, and measure- 
ments in different directions showed an average of about twelve cracks 
to 10 centimeter.s=0.24 millimeter per centimeter, or about doulffe 
the total expan.sion of the canvas, as te.sted. 

After nine months the .strip of canv'as painted as above described 
vas alteinately put over sulphuric acid and over water some ttvo 
or three times, expanding and contracting freely, but without crack- 
ing the paint. Another possible source of mischief had to be inves- 
tigated. and that was the freezing of a damp canvas. Two pictures 
were taken, one a canvas which had been primed twelve months before 
with sulphate of lead and zinc oxide, the other a portion of canvas 
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previously described, 'which had twelve months liefore been coated 
with yellow ocher and then, when only just dry on the surface, coated 
with umber. After twenty-four hours in saturated air they were 
kept some four or five hours in a freezing mixture. Xo cracks 
developed, and sections showed all coats firmly adhering. 

While, then, the result of the experiments has failed to reveal the 
cause of cracking in the pictures examined, consideralile negative 
evidence' has la'en accumulated which diouhl give us confidence in 
modern methods of painting. Cracking seems to be duo to an expan- 
sion of the under layers (po>sibly due to the action of moisture and 
fro^t), which shows in cracks when the toji coat is hard either from 
excess of pigment or from the presence of a medium like mastic. 

On the other hand, a sound canvas, properly sized and primed and 
painted with pure oil and good oil varnishes, with the exclusion of 
fugitive pigments, seems to withstand very severe treatment without 
appreciable injury. 

There is also very little evidence to confirm the usual statements 
about expanding surfaces when the paint is drying under normal 
conditions. 



NATIONAL RECLAMATION OF ARID LANDS. 


By <’. J. Blaxchakd. 

Stitt ist ifiit It, t ititcit statcit Ri‘ftiiintitii}ii Sf'i vice. 


The year just closed was marked hv substantial progress in the 
work of national reclamation of arid lands. Important structures 
have Ijeen completed, several of the largest engineering works ever 
attempted in this country are under construction, and detailed plans 
have been prepaied and approved for other works of similar magni- 
tude. Tli(> preliminary surveys and examinations, which involved 
much time and lal)or, are practically concluded. Out of nearly one 
hundred projects examined all but twenty-eight have been eliminated 
for the present, and during the next three years the engineers will 
concentrate their entire attention upon the building of these great 
work.s. 

A list of the projects upon which actual construction is now in 
progress is shown in the table herewith. 

liccldiiKitio/i /Doycr/.s uoir in jn'ovi’.s^ of oon^tnn tton. 


ProjtMR 


Salt llivtT, Arizona 

Ynnia, Califurnia-Arizona 

Uncompahgrc. Coloratio 

Miriiduka, Idaho 

Payette-Boiso. Idaho 

Garden City. Kansas 

Milk Kivgr. Montana 

Huntley, Montana 

Sim lUver, Montana 

Nortli Platte, Xebra'^ka-Wyoming 

Truckce-Car<*(ui, Xevada 

Hondo. XtAV Mexico 

Carkijad, Xew Mexico 

PJo Grande. Xew Mexico 

Lower YellowMone. Montana-Xorth Dakota 

Buford-Treiiton, Williston. Xe^json, Xorth Dakota 

Klamath. Oreg-on-California 

Umatilla, Oregon 

Belle Fuiirche, South Dakota 

Strawberry Valley, Utah 

Okanogan, ^^■a''hirlgton 

Ticton, Wa'-liingtoii 

Sminydde. 'Wa^luiiyti ni 

Wupeto. Wa'-hingtoii 

Sho'-hoiie, Wyoiniiig 

Tol.d 


IXtimated 

co^t. 


So, SOU.UCU 

:b’)uo,ooo 
.5. iUD, OoO 
i.sufi.ouu ' 
i.t.o'), ouc 

•JdO.ood 
1 . uuu 

'Jt lO.UDO 
"iOO.UOO 

1. lUO.OdO 

MHIO. I'lHi 

' o.h;, OiiO ; 

bUO . 000 ' 
•JOU.OOO ' 
•J, 700. OOO 

1 . 270.000 

2. 100,000 
l.liW.OUO ' 

I 3.000,000 
1.S.50, 000 
5o0, 000 

1.400.000 
2 , 000,000 

OOO, 000 

I 

• I 3 ,.j 00 , 000 
o 0 , 121 .ouo 


Irrigable 

acreage. 

200 , 000 
100. 000 

150.000 
SO, 000 

120.000 
s dOO 

40.000 
33, 000 
lb, 000 

110,000 
200. 000 

10.000 
20. 000 

15. 000 
00, 000 

40.000 

50. 000 

15.000 
llKl, 000 

33. 000 
9, UOO 

21.000 
in, 0<X) 
20 , OiMl 

100, 000 

i.iys, 000 


4G0 
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The redamutlon fund . — The receipts from the sales of public lands 
up to and iiicludiug the fiscal year ended June OO, 1000. are shown 
in the following table : 


1 

Slate (>r Territory 

1 

i Increment ; 
to lund dur- 
ing hseal 
year ending ' 
June 

Tot.il recla- • 

1 mation lund 

1 to June Jo, 
190C 

State or Territory. 

Increment 
to fund dur- 
ing fiscal 
year ending 
June 30, 190t). 

Total recla- 
mation fund 
to June SO, 
1906. 

Arizona 

S')4, .09. OG 

^29'^ 327.25 

North Dtikot.i 

. '^9.13. 012. 9G ' 

50, 373, G04. 90 

California 

1 A79.J-'ihOl 

2, 51.2, .177 70 

Okhihoma 

511. 325. 73 ' 

3.<)42,029 10 





401.0)>9.4,s ' 

:>, 260, 440. 82 
1.302, 172.68 

Idaho 't 


2,ol9, 375. OS 

SiUith Dakota 

279.300.55 ' 

Kailua'' 

i t:>. UTO. du 

215.245.19 

T'tah 

114,. 595. <12 

476, 671. 41 

Montana 

' 4^G, C-^T. 10 

2.0.13,324 55 

\Va>hingtou 

4M>.9')S. 5t) 

3,541.391.57 


74,71)1 -Jl 

' •ju2,or>.y7 

1 

74t.,5V,.SI 

100,772.25 
723, 3G.5. 27 . 



1 , 512, 181. 89 
^ 33,242.444.52 

Nevada 

New Mexico 

Total 

. 5, hit). 3 .Ul 50 


'' liHceipts from towu-lot '•‘al*?': m hlaln). since June Jo. 15M40. 


The estimated increment to the fund for the years 1007 and 1908 
is $<8,338,1 MO. GO. making a total of sll.uSO.oSl.lS, which will be 
available for irrigation work during those years. 

The allotments now made in the various States and Territories are 
as follows : 


Arizona: Salt Itivor $4, .530, nil 

Califoraia-Arizoiia : Yiuna .3, WXJ. 000 

California; Orland (>5U, (»O0 

Colorado: rncoiai)abs.Te -- — li. 000 . 000 

Idaho : 


Minidoka .81, 0T.5, 0(M) 

Pavette-l’oise -- -- 1 . 4 i»o. ooo 

.3, 10.5. OOO 


Kansas: (lardon City 300.000 

Montana : 


St. .Mary . _ l.uoO. OOO 

Huntley ooo, OIK) 

Sun Uivor _ .5oo, 0)K) 

r.ower Yellowstone . . _ ... 1. ,S00. 000 

4. 200. 000 

Nebraska-Wyoniiii.t: • Xortli I’latte _ 3.330.000 

N(‘vada : Truekee-i 'ansou .. __ __ 3,700.000 

New Me.xic-o : 


Hondo :!00, OOO 

Carlsliad _ _ OfKl.lXK) 

I.easliur.a Diversion _ 200.0)0 

1,100,000 

Nortii Dakota : 

Lower Yellowstone OOO, 000 

Bul'onl-'rrentou ... :100. OOO 

Willistou.. _ 400.0)0 

Nesson o(,f, 


1, 000. 000 



Plate I 



Salt River Project, Arizona 







Laying Foundation of Roosevelt Dam. 

ir ( oNcr-* nil in, than an ,ii le m k'^ii -uuil 
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Oregon ; 

Klamath 

Umatilla - -- -- 

South Dakota : Belle Fourehe 
Utah: Strawberry Valley ___ 
Wajihiiigton : 

Okanogan _ 

Tieton 

Sminyside 

Wapato 

Wyoming: Shoshone 


.S2. 000. 000 
1. 000. OOO 

§3.000,000 

_ _ _ 2 . 100 . 000 

_ . 1.2.j 0. tXK) 


•KX). 000 
1. 2.50. 000 
1 . 100 . 000 
100. 000 

2. 9.50. 000 

2. 250, 000 


Total 


10, 351. 101 


Salt Hirer project . — In the order of magnitude and prominence 
of its engineerdig features the ►Salt Eiver project ranks first. Actual 
construction has been going on since April, IbOi, and on September 
20, 190G, the first stone was laid in the great Koosevelt dam. 

This structure when completed will be one of the highest dams in 
the world. It will be of uncoursed rublde masonry (sandstone and 
cement), with arch upstream. It will lx* SOO feet long on top, 23.5 
feet at river bed. and 280 feet above tln^ loweNt foundations. It will 
be finished in lOOS and will create one of the largest artificial lakes 
ill the world. The lake will contain 1,400,000 acre-feet, or sufficient 
water to cover that many acres 1 foot deej). Its cajnicity is fourteen 
times greater than the Croton reKU-voir, and it will .--tore more tvater 
than the Assuan dam in Egypt. The location of the dam site is 
02 miles above Phoenix, at a point just below the junction of Salt 
River and its tributary, Tonto Creek. 

Owing to the inaccessible location of the site the preliminary work 
5vas arduous and expensive. It was necessary to construct a highway 
for more than 40 miles through an exceedingly broken and rugged 
country. A large part of the distance is in canyons, and for miles 
the road is literally heivn out of the solid rock. In many places it 
hugs precipices 1.000 feet high. The municipalities of Phoenix, 
Mesa, and Tempe. in order to become supply points for the army of 
laborers which would Ije employed contimu)usly on the work during 
the construction period of four years, contributed 87.”),000 to defray 
a part of the cost of the road work. All of this work was done by 
the Government and not by contract, and a rather interi'stiug feature 
was the employment of a large number of Apache. Pima. Papago, 
and Maricopa Indians as day laborers. The exjieriment was emi- 
nently successful, as the Indians proved industrious and faithful, 
a: d were e.specially u.seful with pick and shovel. 
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In the construction of the ihuix 940,000 bari'els of cement are re- 
quired. The cost of cement delivered at the dam site by any private 
agencv would have been almost prohibitive. Owing to a fortunate 
discovery near the dam site of the materials required for its manu- 
facture. it was decided to erect a mill and furnish cement to the 
contractor. This mill began operation in April. 100.5, and is turning 
out first-class cement at a cost which will save the farmers over 
$1,000,000 on the first bid sulamitted by the manufacturers. 

A power canal IT miles long has been constructed to the top 
of the hill at the dam site, where the water drops through a tunnel 
sheer 990 feet upon great turbines. Here electricity is generated 
for all purposes. It furnishes the contractor his power; it runs the 
cement mill, the rock crusher, and the pumps: it lights the camp, the 
cit}' of Roosevelt, and illuminates the canyon throughout the night. 

During the early progress of the work the Government operated 
two sawmills in the forest reserves nearby, and cut many millions 
of feet of lumber for use in timbering tunnels, for concrete forms, 
for buildings, repairs, bridges, etc. 

In the lower end of the reservoir, on a flat just above the river, is 
located the thriving little city of Roosevelt, a city of 2.000 ])eople, 
with waterworks, electric lights, schools, stores, etc. Allien the dam 
is completed the site of this town wilt Ik' submerged 900 feet. 

AA'ork on the dam has been greatly delayed by reason of several 
unprecedented floods, which have swept away the false ivorks and 
carried away some of the machinery of the contractor. The Salt 
River project will cost $(>.500,000. will irrigate about 900,000 acres 
of land, and will lie completed in 1000. 

XF.VADA. 

Tntfhcc-C avfion pro}<'<f . — On June 17. 1005. the third anniversary 
of the reclamation act. occurred the ft>rmal opening of the first com- 
phued work of the Reclamation Service. In the ])rescnce of a dis- 
tinguished body of (’ongressmen, governors, legislators, engineers, 
and others the gates in the Truckeo dam were shut down, the head- 
gates of the great canal wei’e opened, and the waters of the Tiaickee 
River for the first time were turned into the Carson River reservoir, 
from whence long lines of canals and ditches had beim constructed to 
carry it out upon the desei’t. 

The location of this work is in the bed of ancient Lake Lahontan. 
and embraces what was long known as Fortyniile Desert, one of the 
most desolate and arid spots on this continent. 

The great dams on the Truckee and Carson rivers, the former 
110 feet in height, are beautiful and finished prfxlucts of modern 
engineering. The long lines of canals, many of them large enough to 
carry rivers, in places are lined with cement, and obstacles in the 




Truckee-Carson Project, Nevada. 

'iinul from (oj) oi Tuiuiol ti, show a complolo*! jM>rliott of tin* iTiiU'iit IihimI <':itial stalioii. 
(\V. ii LuhKfii, Januarv 




Plate IV. 



Congressional Party Investigating the Headworks of the Main Trugkee Canal, Nevada, just before the 
Christening OF the New Headworks, Truckee-Carson Project, June 17, 1905. 
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route, such as hills, are tunneled and the tunnels are cement lined. 
Already the first unit of this project i.s practically completed, the 
works providing for the irrigation of apjiroxiinately :^00.000 acres 
of land, 75 per cent of which belongs to the Government. 

The average elevation is about 4.000 feet above sea level. The prin- 
cipal town is Fallon, which lies almost in the center of the tract to be 
irrigated. This thriving little city which to-day has a population 
of 1.000 and is the terminus of a branch of a transcontineiital line 
of railroad, three years ago possessed a population of Ki people. 
Its very rapid growth is due entirely to the work of the Government. 

The soil is adapted to the cultivation of a wide variety of crops, 
and is of inexhaustilde fertility. The valley is filling up with a 
desirable class of settlers, and 500 choice 80-acre farms are ready and 
waiting for practical farmers. 

COLORADO. 

U licomjmhgre VdUcy project . — The Uncompahgre Valley project 
in Colorado in many respects has presented more difficult problems 
than any other work undeitaken by the Sendee. The engineers from 
the very first stejj have encountered trouble. 

The toijographv of the country is probably the roughest in the 
United States. Here was a canyon through which no man had ever 
passed. It was necessary to explore it in order to locate a site for a 
tunnel. An engineer and an assistant made the attempt, and after 
incredible hardships succeeded. The toi)ographers who followed to 
complete the surveys experienced unheard-of trials, but they, too, 
accomplished their task. Then a road into this frightful gorge was 
constructed — a I'emarkable I'oad, with grades out of the canyon 24 
per cent in places. Heavy machinery was brought in and a power 
jilant installed. Kiver Portal became a village with a store, a school, 
a public reading room, machine shops, cottages, and a hospital. 
Three crews of men. each working eight hours a day. were set to work 
in the bottom of the canyon driving a tunnel under a mountain 2,000 
feet high. 

This tunnel is to furnish an underground waterway, with cross 
section of 10} by 114 feet and nearly 0 miles long, to carrv the waters 
of Gunnison Iiiver into the Uncompahgre Valley. SimultaiuH)Usly 
other crews began the same work on the other side of the mountain, 
and night and day the drills ivere ke[)t boring into the rock and shale, 
each crew vying with the. other to achieve a lecord. For a time work 
was carried on from four headings. The tunnel has been driven 
18.000 feet, or ?>.} miles, to date. A world’s record has been made. 
82:1 feet having i)een driven in one month. The rei-ords on the 
Simplon Tunnel in the Alps do not equal this. One gang of laborers 
drove 7,500 feet in one year. 
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Gas, cave-ins, and subterranean springs have all interposed diffi- 
culties requiring the utmost care in the prosecution of the work. At 
frequent intervals heavy flows of water have been encountered. As 
the tunnel is progressing in the downhill direction the water tends to 
flow to the face, where it soon floods the working spaces. This has 
required the installation of comjilete pumping facilities, consisting of 
two centrifugal pumps, one triplex puiiqi, two diqflex 2 )iimps. and 
about 1 mile of 8-inch water column. At the jiresent time the pumps 
are discharging about ■i.’iO.OOO gallons per d4-hour day. The maxi- 
mum amount of water pumped at any time was at the rate of 7.50,000 
gallons per 24 hours. 

The shale through which the tunnel has been driven is very rich in 
fossils. At one point aliout 2 miles from the West Portal and some 
800 feet under the earth's surface there was encountered a series of 
shell beds. The shells are as white as seashore shell deposits, and 
have been buried in successive layers of shale. The beds vary in 
thickness frcjm 1 to 18 inches, and extend horizontally for a distance 
of 500 feet. 

Of the 17.000 feet of tunnel, more or less, driven under the direc- 
tion of the Ileclamalion .'Service, about 8,800 feet were in heavy 
ground, condsting of adol)e mud, gravel, and sand; 800 feet were 
in shale overlaid with heavy material: 7.300 feet were in blue shale, 
and 4.400 feet were in some term of igneous rock or metamorphic 
granite. 

While the tunnel excavation was going on, many miles of canal 
were dug. some of which are in exceedingly unfavorable country. 

The LTicompahgre '\’'alley has a general '■levation of .■),000 feet, 
but owinc' to the loftv ran'i'C'^ of mountains which surround it, the 
climate is mild and equable. The soil of the valley is of unusual fer- 
tility, and this section is noted for its fine fruits. 

About 20 ]ier cent of the irrigable land is subject to homestead 
entry under the jirovisions of the reclamation act. The farm unit on 
public land for first-class fruit land will ju'obably be 40 acres, while 
on other public lands suitable for growing grains, sugar beets, and 
alfalfa. 80-acre tracts ivill be filed upon. About 00,000 acres are 
suitable for raising fir-t-class apples and peaches. Some fruit 
orchards 12 years old have produced from $400 to $500 per acre 
net in this valley. Tlu' bottom lands, comprising from 80.000 to 
90.000 acres, are adapted to the growing of alfalfa, and sugar 
beets. During the last season many farmers made from $50 to $80 
per acre net from the latter crop. At the proper time filings 
upon these lands should be made through the local land office at 
Montrose. Colo. Xo water for irrigation can be delivered prior to 
the crop season of 1909. 




Plate 



Minidoka Dam and Regulating Devices. 
Vu-w litUfU friiin mirth (‘ml, MiiiKhikii iirojcct, .ViiKUrl -h. T.'ht' 
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IDAHO. 

2Iinidol:a project . — The Minidoka irrigation pi’oject is located in 
Lincoln and Cassia counties. Idaho, and embraces an area of about 
150.000 acres of sagebrush land on both sides of Snake Tiiver. 
The area to be benefited I^■as all Govemment land, and was divided 
in farm units of 40 and 80 acres. Practically all of the land has 
been filed upon by bona fide settlers. The average elevation is 
about 4.1100 feet above sea level. The irrigable land is a vast un- 
broken i)lain possessing soil of great fertility, a deeji sandy loam 
free fi’om alkali, iind covered with a heavy growth of sagebrusli. 
The country is lacking in salient tojiographic features. Knobs and 
ridges occur here and there, and near the river there is a belt of low 
sand dunes which nowhere rise higher than 10 feet above the level 
of the surrounding country. The land slopes generally southwest- 
ward rather than toward the river. 

The Min'oJolin darn . — The location of this dam is about 8 miles 
southwest of INIinidoka, at a point where the L'hannei of the river has 
been crossed by recurring lava, flows of the earlier geological ages. A 
ridge of lava probably extended at one time entirely across the river 
channel at this point, and the stream has gradnally cut its way 
through it, producing a comparatively narrow ojtening and a series 
of rajiids. Above the dam site the valley widens out somewhat, 
forming a small storage reservoir: below it the valley consists of 
In’oad and extensive hats suitable for irrigation. 

The purposes of the dam are mainly contiol, diversion, and power 
development. To proi ide for these purposes and to care for the 
immense floods to which the river is at times subjected, the dam and 
appurtenances consist of the following parts: The headworks of the 
north-side canal: the connecting concrete wall extending from this 
structure to the sluiceway; the sluiceway, including the controlling 
works and power-canal penstocks: the main earth and rock-fill dam; 
the spillway: the headworks of the south-side canal, and an earth 
embankment carried to high ground on the left of the river. 

The headworks of the north-side canal and the controlling works, 
including the connecting wall located on the right bank of the river, 
form a continuous concrete structure about 350 feet long, and contain 
about 8.200 cubic yards of concrete and about 55,000 pounds of 
reinforcing steel. The headworks of the canal contain nine gates, 
each 5 feet wide by 7 feet high, and the controlling works contain 
five Coffin gates, each 8 feet wide by 12 feet high. The controlling 
works are founded throughout on solid rock. 

The main dam is of the gravity type, and is composed of rock- 
fill, earth, and gravel, with a concrete masonry core. The height of 
the dam above bed rock is about SO feet, and above the original bed of 
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the stream about GO feet, and its length is about 625 feet. The con- 
crete core wall is built upon a solid rock foundation throughout the 
entire length of the dam, and at eacli end reaches to within about 11 
feet of the top of the earth and rock part of the dam, while through 
the central portion its top is 44 feet below the crest of the dam. On 
top the dam is 25 feet wide, and the bottom width averages about 300 
feet. The downstream part of the dam is built of loose rocks of 
large size, the minimum weight being 1.000 pounds, the central part 
of gravel and small rocks, increasing in size toward the large rocks 
on the lower side, and the upstream part of earth and gravel with 
riprap covering on the upper portion. The volume of this portion 
of the structure is 101.000 culiic yards. 

At the south end of the earth and rock dam is a concrete spillway 
built upon solid rock for nearly half a mile in length. This spillway 
follows along a broken undulating ridge of lava that has lieim previ- 
ously mentioned as extending across the river at the dam site. The 
spillway is therefore very sinuous in its course, following as it does 
the highest portion of this ridge, and is of varying height, the maxi- 
mum being 14 feet. In two or three short spaces it is discontinuous, 
as the surface of the ridge rises above the maximum elevation of the 
water in the reservoir. The elevation of the crest of this spillway is 
10 feet below the top of the dam. 4s feet above the bottom of the 
sluiceway, 7 feet above the gate sills of the north side canal. G feet 
above sills of the gati' of the south side canal. This structure con- 
tains over 4.000 culiic yards of concrete. 

At the south end of the concrete spillway or weir are located the 
headworks of the south side canal, built of reenforced concrete and 
having 12 cast-iron gates, each 5 feet wide liy ti feet. There were 
used in this structure about 2.50 culiic yards of concrete. From this 
point an earth embankment about ^^00 feet in length and averaging 
10 feet in height completes the necessary inclosure of the reservoir 
above the dam. 

The channel of Snake lliver was clo,-ed liy the rock till in April. 
lOOG. and the entire flow was discharged through the I'egulating 
gates. The flood flow of this stream was somewhat above normal, 
the maximum discharge at this point, amounting to 24.202 second- 
feet. occurring June 20. lOO('). 

Ihe natural conditions arc usually favorable for the development 
of power. A very good site for a power house exists on the north 
side of the river immediately below the dam. The foundation 
will oe blasted out of solid rock and the water will be delivered to 
the wheels by means of steel conduits and a sipiply canal about 150 
feet in length. Fp to July 15 the natural flow of the stream will be 
about 5.400 cubic feet per second. Will, storage at the headwaters 
this flow can be maintained throughout the year and all of it utilized 
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for jDower. It is believed that the power which can be developed 
from all sources under this system will range from 11,000 to 30.000 
horsepower. 

The main south-side canal has a total length of 13 miles and a 
capacity of 100 second-feet. It is designed with a view to enlarging 
it at some future time to a cajiacity of 800 second-feet. It is 20 feet 
wide on the bottom, with side slopes of 2 to 1. In fills which occur at 
a few places it is 40 feet wide on the bottom, the banks being of the 
full dimensions required by the enlarged canal. In shallow cuttings 
a berm is left on the inside so as to admit of enlarging it to a full 
bottom width of 40 feet at a minimum expense. This canal will 
have a capacity of 1 second-foot for each 80 acres of land and will 
irrigate about 8,000 acres by gravity. 

The main north side canal is 30 feet wide on the bottom, has side 
slopes varving from 1 to 1 to 1 to 1, and will carry water to a 
depth of 10 feet for the first 9.000 feet. It is mostly in solid rock. 
Xear the end of the rock cut the canal will drop 12 feet, from which 
point for a distance of .'> miles it will be mostly in earth, with a 
bottom width of 4(i feet, inside sloitcs 3 to 1. outside slopes 2 to 1. 
to carry 7..) feet of water. The banks will be 10 feet high and 8 feet 
wide on top. 

All of the principal structures in the main canal and branches 
consist of concrete masonry. The inside slopes of all canals in earth 
on the north side are 3 to 1. the outside slopes being 2 to 1. the 
width of the banks on all the principal canals being not less than 8 
feet and smaller laterals ti feet. All the banks will be carried 2 feet 
above the water surface in the canal. In constructing these canals 
no runways are allowed on the inside slopes, the material excavated 
between the banks being hauled up the slope, the tramping of the 
teams being evenly distributed over all parts of the bank. 

Plan-'f for btornge . — As the minimum floev of the Snake River is 
aj^propriated for other canal systems, an elaborate storage system 
has been designed to furnish the supply required for the Minidoka 
project. For a number of years the Reclamation Service has been 
making surveys of the several lakes on the headwaters of Snake 
River with a view of utilizing them for storage purposes. The first 
of these to be utilized is Jacksons Lake, on the south fork of Snake 
River, in IVyoming. ITork has been begun on a temitorary dam in 
the outlet of the lake to raise the surface of the water 10 or 15 
feet. This dam will be constructed of log cribs filled with gravel. 
The reservoir thus formed will have a capacitt’ of from 2.50.000 to 

350.000 acre-feet. At some later time a permanent structure having 
a height of 40 feet Avill lie constructed at this point to raise the lake's 
surface 30 feet. ]n-oviding a reservoir having a capacity of from 

800.000 to 1,000.000 acre-feet. This work is being done by force 
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account, since its character, the shortness of the season, and the 
remoteness of the site from railroad points did not tend to make it 
inviting to contractors. 

I'emarhahJe rninxfonaation. — In May, 1904. the Minidoka tract 
vas practically uninhabited. The writer drove across this desert 
and camped for the night on the banks of i>nake River at a point 
which was then selected as the site for the futiftc metropolis of the 
valley. With the supervising engineer he drew a rough plan of the 
town, which was subsequently apju’oved by the Department. That 
night, save for our camp fires, there was no other evidence of human 
habitation within .30 miles of us, only a vast expanse of sage brush, 
extending to the horizon. To-day you reach this point on a rail- 
road. and jiass through three towns to get there. These towns con- 
tain more than 150 business establishments, including 3 newspapers 
and 3 banks. They are well supplied with schools and churches. 
Every 80 acres of that desert now has a family living upon it. and 
where only a little over two years ago the desert held full sway, 
nearly 4.000 people are settled to-day. The sales of lots in those 
new towns netted Uncle Sam more than $(>0,000. and the lots are 
not all sold yet. 

WYOMINO-XEBEASKA. 

Xmih Platte projeet . — The North Platte project comjtrises all of 
the Avork on the North Platte River, extending from the toAvn of North 
Platte on the east, near the one hundred and first meridian, to the 
point where the North Platte RiA'er enters the State of IVyoming 
from Colorado, at about the one hundred and seventh meridian, a 
distance Avhich. measured liy the river, is about 500 miles. The 
project lies 100 miles north of Cheyenne. It may be reached from 
the north by the Chicago and NortliAvestern and the Burlington rail- 
roads; from the south by the Union Pacific and Colorado and South- 
ern railroads from Cheyenne; and from Denver and the east by the 
Burlington Railroad. The project extends from a point on the east 
Avhich is generally accepted as the eastern boundary of the arid 
region, namely, the one hundredth meridian, to within a short dis- 
tance of the Continental DiA'ide. 

In the easterly portion the rainfall is at times sufficient to grow 
crops, while in the Avesterly portion arid conditions are found. 
According to the last censu-.. Avithin the drainage basin of the Platte 
RiA’er is fotuid the largest area of land irrigable by one stream in the 
I nited States, and the value of improA'ed agricultural land is proba- 
bly as high as any other section, with the possible exception of the 
fruit belts of California. 

The elevation varies from 3.500 feet to considerablv OA’er 6.000 feet, 
the portion lying within the boundaries of the State of Nebraska 
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being all under 4.200 feet, or 1.000 feet lower than Denver, while that 
lying in Wyoming is from 4,000 to 6,000 feet, or the greatest elevation 
reached, and about the same as Cheyenne. 

The project may be divided into a number of subprojects, as 
follows : 

First. The Pathfinder reservoir, under construction since January. 
1905. which will proliably lie completed in 190S. will store all the sur- 
plus and flood waters of the Xorth Platte Eiver and furnish all of 
the other subprojects, tvliich consist of canals, with an ample supply 
of water. The capacity of the reservoir is about 326.700.000.000 gal- 
lons, or sufficient to cover 1.000.000 acres of land 1 foot deep. The 
dam will be one of the greatest masonry dams in the world. 210 feet 
high above the river bed. containing 53.000 cubic yards of masonry, 
and costing probably $1,000,000. 

Second. The Interstate canal and its tributary systems, on the 
north side of the Xortli Platte Eiver. This canal heads at Whalen 
station, on the Chicago. Burlington and Quincy Eailroad. about 8 
miles above old Fort Laramie, and extends easterly to range 40 west, 
or about 15 miles east of the point where the Black Hills division of 
the Burlington Eailroad crosses the North Platte Eiver at the town 
of Bridgeport. The subproject has been under construction since 
the spring of 1005. One hundred miles of the canal are now com- 
pleted. Water was first delivered in 1006 to some 20.000 acres, and 
will be delivered to more land in 1007. 

Third. The Goshen Hole subproject, on which only preliminary 
surveys have been made, consist of the Goshen Hole canal, heading 
at the town of Guernsey, Wyo., on the North Platte Eiver. and 
extends southeasterly aliout 140 miles, covering more than 200.000 
acres of land on the south side of the North Platte Eiver. jiart of 
which is in the State of Nebraska. 

Fourth. The Fort Laramie canal, which has the same heading as 
the Interstate canal, but on the south side of the river extends easterly 
to about range 52 west, the length being 1.30 miles and the area cov- 
ered 50.000 acres. 30.000 acres being in Wyoming and 20.000 in 
Nebraska. 

Meteorology . — The maximum temperature in summer reaches 
102° F. The minimum in winter is from 15° to 40° below zero. It 
must be remembered in this connection, however, that these low tem- 
peratures last for a very short period of time. It is seldom that the 
thermometer reaches zero every night for any ten consecutive nights, 
the cold snajis. as they are called, generally lasting from one to three 
days. The precipitation varies from 12 to 24 inches. During the 
.season of 1906 about 24 inches fell, while in 1904 the recorded precip- 
itation was but 13 inches. The maximum rainfall during any one 
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month varies from 34 to 44 inches. The average precipitation for 
the year is 14.84 inches. 

Phi/.itcal featin-es . — The lands under the Interstate canal have a 
minimnni elevation of 3,600 feet at Bridgeport and a maximum ele- 
vation of 4.260 feet in the vicinity of Fort Laramie. 

The valley is about 1.5 miles wide, the greater part of which lies on 
the north side of the river. To the north and south are rolling sand 
hills and to the west rather rough and broken plains country. Both 
these regions furnish excellent grass, and are given over almost 
entirely to range purposes. The lands to be irrigated are flat mesa or 
table lands lying from 50 to 100 feet above the river. Between this 
mesa and the river there is generalh' bottom land about 1 mile in 
width. This land has been irrigated for a number of years, the crops 
being grain and grass. 

Soil . — The character of the soil is very similar to that of the plains 
region. It consists of a sandy loam, with a marked absence, however, 
of the adobe soils farther south. The native vegetation consists of 
Buti'alo grass. Giamma grass, what is locally known as IVheat grass, 
otherwise Bluestem, and Blackroot. All of these afford mosf excel- 
lent range where not overgrazed. Wheat grass in particular, which 
soon appears wlierever the ground is irrigated, makes a most excellent 
hay and brings on the market at Omaha. Kansas City, and Denver 
a higher price than Timothy. The cactus or prickly pear is much 
in evidence, indicating the richness of the soil. This plant is entirely 
destroyed by the first plowing, and wherever it grows the land is con- 
sidered the most desirable. There is a marked absence of sagebrush 
under the Interstate canal. 

Water — The water supply for irrigation is practically 

unlimited in that there is a gi’eater amount of water annually flowing 
down the river than can l)e profitably utilized by the available irri- 
gable lands. With the construction of the Pathfinder reservoir, 
which is capable of storing more than one-half of the entire annual 
run-otf. the settlers under any of the Government canals are assured 
of an ample supply of water at all times of the year. 

Progress to date . — In 1907 water will be turned onto probably 
60.000 acres of land. 20.000 acres being in Wyoming and 40,000 acres 
in Nebraska. Late in the fall of 1907 it is probable that an addi- 
tional 40.000 acres will receive water, making in all, by the spring of 
1908, 100,000 acres ready for crops. These farms wili average about 
100 acres each of irrigable land. In other words, 1,000 families 
should be on the land and actively engaged in agriculture by the 
spring of 1908. 

J oa'its . — The principal towns embraced in the interstate canal proj- 
ect, beginning at the head of the canal, are old Fort Laramie and 
roiiington, yo., Morrill, Mitchell (the Government headquarters). 
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Scottsbliiff, Miiiataro, Baj-ard, and Bridgeport. Xehr. The distance 
by the railroad between old Fort Laramie and Bridgeport is about 
90 miles. Each of the towns named are from 10 to 15 miles apart. 
They are similar at j^resent, and no one town apj^ears to have the 
advantage over the other. The large.st have a popidation of about 
1,000 persons. The railroad, which extends the entire length of the 
project, Avas built in 1899, at which time the aboA'e-named toAvns were 
established. No material groAvth occurred in the valley, howeA'er, 
until 1904, Avhen the Government began work, since Avhich time all of 
the toAA'iis have more than doubled in population. 


(AI.TFOUNIA-ARIZONA. 

Yvma projrft . — A very general interest is being shoAvn in the Avork 
of the Eeclamation Service, on what is called the Yuma 2 Aroject in 
Arizona and California, in the valley of the Colorado EiA'er. The 
engineering Avorks are unusual and unique, occasioned by the difficult 
jAhysical conditions and the immense flood discharge of the Colorado 
EiA'er. 

The work of the engineers Avas greatly comjAlicated by the unfavor- 
able character of the bed of the river, the diamond drillers haA'ing 
sought in vain for solid rock upon Avhich to rest a dam. and. further, 
by the fact that a large area of the bottom lands are annually inun- 
dated in times of flood. These conditions necessitated the construc- 
tion of a clam of a tyjAC never before attempted in this country, and 
also the building of many miles of levees to j)rotect the loAver lands 
from flooding. 

The Laguna dam is of the India Aveir type. Avhieh has been tried 
successfully during the past fifty years at numerous jAlaces in India 
and EgyjAt under similar conditions. It consists of a loose rock 
structure Avitli a jAaA'ing of stone 1.1 feet in thickness on the down- 
stream slope, tied together Avith three jjarallel Avails of steel and 
concrete running longitudinally betAven granite abutments on the 
tAvo sides of the river. The dam Avill luiAe a length of 4.780 feet, a 
height of 19 feet, and a maximum Avidth up and doAvn stream of 257 
feet. It will contain 1)5(1.000 cubic yards of loose rock resting ujAon 
a foundation of sand. The estimated Aveight of the structure is 
000,000 tons. 

This dam is not designed for storage, but will create a settling 
l)asin of relatiA-ely quiet Avater 10 mile.s in length aboA'e it. The 
Colorado Eiver carries enormous quantities of silt, and to jAreA'ent 
this sediment from lilling the canals sluiceAvnys haA’e been designed 
es^ACcially for this purjiuse. At each end of the dam. and constructed 
in solid rock. Avill be a sluiceAvay fl.OOO feet long. 200 feet Avide. and 
oA'er 12 feet decq). excaA’ated to the dejAth of low Avater in the ri\'er. 
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The^e sluiceway!? will he coiitrolleil immediately l)elow the canal 
intake hy lar”:e gates operated by hydraulic machinery. AMien these 
gat(‘s are closed tlie portions of the sluiceways above them become 
inunense settling basins from wliich it is planned to take the water 
into the canals by a skimming ])roccss, so that the entire capacity of 
the canals can l)e furnidied by drawing but a foot in dejith of water 
from the surface. When the silt has accumulated to a sufficient 
extent the slui(.'e gates will be opened and the great volume of water, 
estimated at 20.000 cubic feet per second, which will then pass 
through the sliceways Avill carry the sediment out into the river. 

The main canal on the Arizona side will cross the valley of the 
(fila River above Yuma in a pressure pipe laid under the stream, 
the top of which is to be several feet b(*low the lowest point of the 
stream bed. This structure will be of steel and concrete and about 
3.000 feet in length. 

The shape of the levees adopted to protect the lower lands from 
overflow is the same as has been developed by years of experience 
along the Mississippi River. Thc'-e levees will have a slope of 3 feet 
horizontal to 1 foot vertical on the land side. They will be 8 feet 
wide on top and 5 feet above the highest water mark. The levees 
will be 4.000 feet apart, one on each side along the Colorado, and 
3.200 feet apart along the Gila River. The total length of levees 
will be 73-1- miles. 

When the works are completed 07.000 acres will be ready for settle- 
ment. The lands to be irrigated rival in fertility and productiveness 
those of the famous valley of the Nile. They are especially adapted 
to intensive fanning. This section of the country is essentially a 
region of small farms, owing to the almost continuous growing 
season, and the production of high-j)riced fruits and vegetables. Ten 
acres in careful culti\ ation is sufficient to support a family in comfort. 

MOXTAXA. 

Ilunth u [iniji'it . — This project contemplates the reclamation of 
about 30.000 acres of land located along the Yellowstone River in 
southeast('rn ^lontana. Tlu'se land.s lie between Ilunthw. at the 
junction of the Northern Pacific and Chicago. Burlington and Quincy 
railroads, and Bidl ^Mountain station on the Northern Pacific Rail- 
way, and are therefore favorably located wnth res])ect to transporta- 
tion facilities. The Huntley project lands are jiart of the ceded 
stiip of the Crow Indian Reservation, and as such are subject to the 
])rovisions of the act of Congress approved April 27. Ib04. Under 
the provisions of this act the lands withdrawn for reclamation pur- 
poses (an only be settleil under the terms of the reclamation act of 

line 17. l.»0_ (.j_ Slat. L.. .3SS). and in addition, the settler must pav 
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$4 per acre for the benefit of the Crow Indians. The Huntley project 
lands Avere AvithdraAvn by the Secretary's order of May ill. IIHJG, and 
Avill probably l)e opened for settlement in July. IDO”. Aniiounceineut 
of the date of o})eniiio- will lie made in the jniblic jiress in due time. 

The construction of the irrio:ation works under the Huntley project 
was authorized by the .Secretary of the Interior April IS, 190.5, and 
the work was about tiTo-thirds done on January 1. 1007. The main 
canal. headAvork.s, and incidental structures are beino- built in the 
most substantial manner. The culverts, turn-outs, and wa^-te Avays are 
made of concrete, reenforced A\'ith steel. The three tunnels, ayirre- 
gating i?.<).50 feet in length, are lined with concrete throughout. The 
small turn-outs and culverts on the distributing system are built of 
Avood. but are heaA-y and Avell constructed. A .special feature is the 
pumping plant near Ijallantine, Avhich utilizt's the poAver dcAudoped 
by a necessary drop of 33} ft-et in the main canal, to lift about .50 
cubic feet per second of Avater about .50 feet, to the high-line canal. 
The main canal is about 32 miles long, and the high-line canal about 
7 miles long. It is propo.sed later to extend both these canals to 
Avater additional land. A telephone system has been installed to 
facilitate constrtiction work, and will be an imitortant part of the 
02 )erating system. 

The climate is good, the temperature ranging from 100'^ F, to 
— 3.5° F., and the rainfall varying from 9 to 1.5 inches annually. 

The soils vary from a tine sandy loam to a heavy clay, and in some 
2)laces are strongly imiu'egnated Avith alkali. I'lie Avaste-Avater ditches 
are laid out so as to jtrevent the rise of alkali on the good land, and to 
alloAV of the iioorer pieces being reclaimed. 

The cro^is Avill be largely fonige crops and sugar beets. There is a 
line free-range country adjoining the \allev. Avhich makes .stock 
raising 2 )rofitable Avluui winter feed is procurable. A new beet-sugar 
factory at Fillings. 13 miles Avest of Huntley, seems to be very suc- 
cessftil. and Avith a inark('t as at j)res<‘nt the raising of beets is very 
profitable. Apitles and the small fruits can l»e raised. 

Sun R'lnr jirojurt . — The ultimate development of this jtroject in- 
AolA’es the reclamation of 2.5(>.OUD acres of land tributary to the Sun 
ItiAcr. A large ^terceiitage of the land is jtublic domain. The land 
is a broad prairie, extending from Teton Fiver on the north to and 
including the Sun Fiver Valley on the south. J'he irrigaitle tract has 
a h'ugth (‘ast and Avest of about 7(1 mih's and north and south of about 
30 miles. The topograjJiy of th<> country and water sujijily combine 
to make the project an attractive one. 

Fort ShaAv. the hist unit to be reclaimed. Avill be located on the 
south side of .Sttn Fiver and contains an area of 17.000 acri's. The 
unregulated Hoav of Sun Fiver Avill atford am]Je siijudy for this land 
during the early irrigation season, and to insure an amjtle su^iply 
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tluoughoiit the Tear a storage reservoir will be constructed on Willow 
Creek. This reservoir will have a capacity of ;10,000 acre-feet, the 
drainage of Willow Creek being ample to supply this amount in 
seasons of low run-oli'. The topography and quality of the soil com- 
bine to make it practicable to divide the Fort Shaw tract into small 
farm units. 

Good grazing land surrounding the jiroject will also contribute to 
the success of the irrigators. While the farms will probably be re- 
stricted to SO or 40 acres of irrigable land, it will Ije possible to give 
a large per cent of these farms an area of grazing land, bringing the 
total farm unit up to l(i() acres. It is probable that water will be 
available for irrigation in the season of lt)0S. 

Iiiccr project . — The Milk Eiver project contemplates ulti- 
mately the reclamation of li.tO.OOO acres of land in the ^lilk River 
Valley between Havre and Glasgow. Mont. In addition to regulating 
the discharge of the ^lilk River, the water supply will be supple- 
mented from the St. ^lary Lakes. It is proposed to store the dis- 
charge of the St. INIary drainage basin and conduct the water by canal 
2G miles long, having a cai)acity of 1,000 ctibic feet per second, to the 
headwaters of the ililk River. 

Construction work was commenced on the St. ^Mary canal in the 
season of H'Oli. A plant has been assembled and work will go for- 
Avai'd during the season of 1007. C'ontracts will be so arranged that 
work can l)e given to the Blackfeet Indians, who reside there. 

NORTH l)AKOT.\-MONTANA. 

Loirer YeJloirstotic pro jut . — This project contemplates the diver- 
sion of Yellowstone Ri\er, at a point 17 miles northeast of Glendive, 
iMont., for the irrigation of <>0.000 acres of land lying in northeastern 
Montana and northwestern Xorth Dakota. The laml is classed as 
follows: Montana, private lands. 14.01S: public lands, 1.3 ,.j 22: rail- 
road lands, 10.742 acres. North Dakota, private lands, 12,7S0; pub- 
lic lands. S.:j:32 acres. Tbe public lauds under the [jroject number 
21.S.(1 acres; railroad lands. 1(5.742 acres, and private lands. 27.404 — 
a total of 00.000 acres. 

The public lands available for homestead entry in ^Montana should, 
at the proper time, fie filed upon through the land office situated at 
ililes City. i\Iont., and those in North Dakota at IVilliston, N. Dak. 
The lands to be aflected by this system are tributary to the Northern 
Pacific Railway line which passes through Glendive. 1!) miles from 
the head gates, and the Great Northern Railroad, which has a sta- 
tion at Buford. 2 miles from the lower end of the project. The farm 
unit on this project will ])robably be M) acres. IVork is now in 
progress on the main canal and lateral system. 
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NORTH DAKOTA. 

Pumpinr/ projects . — Three projects are contemplated in 

western Xorth Dakota for the purpose of raising water from the 
Missouri River to irrigate bench lands which can not Ite reached 
by feasible gravity systems. ISteani and electric power will be used 
for itumping, the power to be developed from lignite coal, which is 
found in amitle quantities on Government lands adjacent to the 
projects. 

M'lTllston project . — This is one of the most unique projects of the 
Reclamation ,Service. The Missoui i River lias a habit of constantly 
cutting its banks and changing its channel, so that it would be 
impossible to locate any structure for the diversion of water by 
gravity uidess enormous expense were incurred to protect it from the 
scour of the stream; moreover, its gratle is so flat that any gravity 
canal would be of prohibitive length. Fortunately, large beds of 
lignite were discovered in the vicinity, atl'ording cheap fuel, and the 
engineers conceived the plan of building a power house at the coal 
mines and conveying the power by electric conduits to the river. 
Their ingenuity did not cease here. Instead of the costly works 
required to protect the banks, the jtunips will lx* located on floating 
barges which will accommodate themselves to chaitges in the channel 
and in the water level. 

The water will he delivered through pipes with lle.xible joints into 
several basins located at sufhcient distance from the shore to be safe 
from encroachment by the shifting river. From these basins the 
water will he pumped into canals to cover the irrigable lands. These 
basins will also serve for the purpose of settling the silt, large quan- 
tities of which are carried in .solution by the Missouri River. During 
the winter season the barges will b<> drawn out of the water and 
hauled to jtoints where they will be safe from ice gorges and sudden 
fre.shet3 and the basins can be cleaned out. 

About 19.000 acres in the iMuddy ^’alley in and about Williston 
will receive water from this system. The bottom lands adjacent to 
Buford and Trenton and the famous Xe.sson ^’alley. cxjiuprising an 
area of ap 2 )roximately ifl.OOO acres, will also be henefited by 2)um23ing 
systems. 

The soil is loam, with a slight mixture of sand, and j)roduces good 
crops without irrigation in years when there is unusual rainfall. 
M ith an assured tvater supjtly this valley will undoubtedly be one 
of the most jtroiluctive in the Northwest. It is adapted to the grow- 
ing of all the hardy cereals and forage plants, and sugar beets will 
prove a jtrofitable croj). Garden vegetables do well, irrigated jtota- 
toes yielding as high as I.W bushels per acre. There is an extensive 
range for live stock, and this should assure a profitable market for 
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all forage crops raised on the irrigated farms. The lands lie on 
the main line of the Great Northern Tvailroael. a transcontinental 
route, and the Twin Cities and Duluth oii'er splendid market facilities. 

The climate is exceedingly healthful and invigorating: the eleva- 
tion above sea level is abwit 2.000 feet, and the air is clear and 
bracing. 

The city <>f Williston is the county seat, and has a jiopulation at 
present of about 2.200. It is a centi'al distributing point for a section 
of country extending approximately <>0 miles in each direction. A 
town sit(' is now being laid out on the Government land about 7 miles 
north of Williston, near the northern limits of tlie pi’oject. 

reiddii pi-oji cf . — 'Phis ])roject is located on the north baidc 
of iNIissouri I\iver, neai' the iMontana .State line. The initial unit 
will include about 12.(100 acres of Ixuich and l)ottoni lands extending 
from Buford station to Trenton station, on the Great Xorthern liail- 
road. The second unit will include the 'I'renton tlat, which lies mid- 
way between the Williston and Buford ]iroj(>cts. 

The electrical and ])um])ing machinery for the two stations required 
for the irrigation of the tii'st 12.000 a<a-es is now under contract, and 
the installation will be completed aliont Octolier. 1007. The entire 
canal system will be com[)leted in litos. The jiower for ojierating 
these pumping stations and those to be erected later for the Trenton 
hat will be transmitted electrically fnun a main generating station 
near Aldlliston. 

Acs-ooi prdjcrt. — 'I'his proji'ct is about 40 miles southeast from AA’il- 
Itston. ami about 20 miles south of the Great Xortlnuai Kailroad. It 
includes bench and bottom lands on both sides of the ^Missouri River, 
and contains about l').(t0(l acres. .About one-Hfth of this land is 
pulilic domain and will be ojaui to settlement jirior to lh(‘ completion 
of the irrigation works. It is proposed during the coming season to 
provide for the installation o1 the necessary j)unij)ing machinerv and 
the coiistnu-tion of a canal systcni to irrigati' about 12.()()() acres. 
Electric jiower will be distributcil to four punpiing stations from a 
main electric generating station located adjacent to the lignite coal 
iniiu'. from wliich the fuel will be obtained. 


KAXSA.S. 

Gardin ('(tij projrcf. — This project contemplates the reeoverv of 
grouml water in th(‘ .Arkansas A'alley in the l iciuity of Garden (’itv 
by pumping, and its distribution by means of an existino- canal 
known as the Farmers' ditch. Tlie sy~teni. which is nearine- com- 
pletion. consists id a scries ol separate pumping stations, each dis- 
charging into a concrete-lined tlume or surfaci' conduit, which will 
carry the water to the main canal. The water will be deli\ ered into 
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the Farmers' ditch about 1 mile northeast of its heaJgates. The 
entire plant is to be oiierated bi’ electricity from a central iiower 
station located near the middle of the line of pumping- stations. 

The bottom lands at this point are very wide and constitute an 
excellent catchment area for rainfall, and the gravels beneath the 
bottom lands form an underground drainage for the contributory 
watershed, extending both north and south of the river valley. 
There is practically no surface run-otl' from this ^'ni'tion of the 
plains. The ground is so level and porous and the gravels beneath 
the surface so amiile that they act like drains in removing all of the 
rainfall that is not appropriated by the vegetation and evaiioration. 
The entire pumping jilant is designed to recover an average of 100 
second-feet of ground water for a ])eriod of I.IO day^. ichich is equiva- 
lent to a total of 40,000 acre-feet for tlie irrigation season. A portion 
of the water recovered will lie carried under the Arkansas Iliver by 
a siiihon 800 feet long, with a capacity of 100 second-feet. The 
Farmers’ ditch covers portions of the u])lands and bottoms which 
possess soil of excellent quality. The semiarid region of western 
Kansas requires but a small amount of water ptu- acre of irrigated 
land, as the natural rainfall and the <]uality of the upland soil ren- 
ders possible a very high duty of water. 

The value of the land in this part of Kansas in its natural condi- 
tion is from is.") to 810 per acre. When reclaimed by irrigation it is 
easily worth from 8100 to 81.10 per acre. I'he iirincipal crops are 
sugar beets and alfalfa, considerable (juantities of which are already 
under cultivation. Sugar-beet factories are already located within 
easy shiiiping distance from Garden City. Back of the lands to be 
watered are wide striiis of excellent grazing laiuls. which will grow 
cane and forage plants without irrigation. Water will be furnished 
to about -l.OOO acres during the summer of 1007. 

•SOI TII DAKOTA. 

Belle FoureJw project . — In many respects this is one of the most 
remarkable irrigation projects yet undertaken by the Government. 
It involves the construction of one of the largest earth dams in the 
-world, a structure over a mile long. 100 feet high in the highest jilace. 
and dO feet wide on toji. Its cubical contents will be Id. 700.000 cubic 
feet, or about one-half that of the Pyranud of Cheops, which is esti- 
mated to have occupied nine hundi-ed years in construction. This 
dam will create an artificial lake larger than any body of water in 
the State, a lake 00 feet deep, with a water sm-face of about 0.000 
acre.s when filled. 

About 0i."i jier cent of the land under this project belongs to the 
Government, ilore than 1.000 new farms will be created in a valley 
where the principal product has been low-grade range cattle, and the 
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value of lands wliich nov ranges from $5 to $10 per acre ^Yill be 
increased to $75 and upward. Work lias progressed to a point where 
water can he delivered to 10.000 acres in the summer of 1907. 

WV03I1XG. 

Shoiihone project. — This project contemplates the utilization of a 
portion of the surplus waters of the Shoshone Kiver for the reclama- 
tion of land in the northern part of Bighorn County. AYyo. It 
invohes the con'^truction of the Shoshone dam, a concrete masonry 
arch, and the highest structure of its kind in the world. This dam 
will lock a very narrow canyon, so that in cubical contents it will not 
compare with any of several other dams, hut in its great height it 
exceeds them all. From ImkI rock to top it will he 310 feet; at its 
base it is only 8.5 feet long, and on top only 200 feet. The prelim- 
inary work on this structure was attended with great difficulties, 
owing to the almost inaccessible location of the dam site and the 
unexpected conditions which were found in the river bed. The dia- 
mond drills went down 88 feet in places before finding a permanent 
Itase. and bowlders 38 feet in thickness were penetrated, resting on 
beds of sand and gravel. 

As in Arizona, it was necessary to construct a road up the canyon 
for several miles. The work is well under way. and it is expected 
that water will be availaljle for a considerable area in the season of 
1908. AATien comj)let(‘d the Shodmne project will cost $3,500,000. 
and will irrigate 100.000 acres of land. 

Xnw JIEXK'O. 

liio Grande project . — The Bio (Irande project provides for the irri- 
gation of ISO.OOO acres of the rich valley lamls along the Kio Grande 
in Xew Alexico and Texas. The engineering works involved are the 
Engle dam. to be built of cyclopean concrete, arched upstream, and 
255 feet high. Its length at crest will be 1.150 feet, and at river level 
400 feet. This dam will create an artificial reservoir 40 miles long, 
with a cajjacity of 2.000.000 acre-feet. As the estimated cost of this 
project is $7,200,000. it has not been })ussible to commence the con- 
struction of the principal work<. but the sum of $200,000 has been 
set aside for the construction of the Leasburg diversion dam and the 
enlargement of the Las Cruces caual, a unit of the main jJroject. 

This diversion dam is a concrete structure OOU feet long, connected 
with the old lais Cruces system by a canal (> miles long. Construc- 
tion was begun in November, lOOh. and 15,000 acres of land in Mesilla 
A'alley will be supplied with water during the irrigation season of 
1907. AVhen completed this system will supply water to 40.000 acres 
which, owing to the destruction of the old canal system, are abso- 
lutely without water supply. 

Hondo project.— n\G project, which is pra<-tically completed, pro- 
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Hondo Project, New Mexico. Hondo Reservoir, Looking North from Outlet Tower. 
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vides for the diversion and storage of flood waters of Hondo River, a 
tributarj' of the Pecos, and the reclamation of about 10,000 acres of 
land in the vicinity of Roswell. 

The reservoir site is a large natural depression, the .storage capacity 
of which has been increased by the construction of five embankments 
between the surrounding hills. The water is diverted bv means of an 
earthen dam 20 feet in height and conveyed to the reservoir through 
a canal with a bottom width of 70 feet and a capacity of 1,200 cubic 
feet per second. This canal is provided with a weir at its lower 
end, over which the water will flow, allowing the silt to gather behind 
it and be sluiced out at intervals. The outlet canal connects the lowest 
point in the reservoir with the river, passing out through a gate in 
one of the fills. The channel of Hondo Ifiver will be used for cann- 
ing the irrigating water a distance of about a mile. .Vt this point it 
will be turned by a small concrete diversion dam into the distributing 
canals, one on each side of the river. 

The area to be irrigated is all tirst-cla.ss land, free from alkali, and 
when irrigated will be easily worth 8100 i)er acre if planted in coi’n 
or alfalfa. If used for fruit raising it will have a higher value. 
Water will be furnished during the crop season of lOOT. The Pecos 
Valley and Xorthwestern Division of the Santa Fe Railroad has a 
line into Roswell. It may be possible to purchase lands from the 
present owners. 

Carlsbad project . — The principal works under the Carlsbad proj- 
ect include the reconstruction of canals and storage reservoirs on 
Pecos River in Eddy County, which were built by private enterprise, 
to irrigate about 20,000 acres of land. The develo]uneiit of Pecos 
Valley has been brought about by individuals who installed an ex- 
tensive system of irrigation works representing the outlay of more 
than a million dollars. On October 4, 1904, a flood in Pecos River 
destroyed a large portion of Avalon dam, upon which the canal sys- 
tem dejiended for its supiily. The owners of the canal system were 
unable to repair the damages, and as property valued at not Ic^s than 
$2,000,000 was threatened with destruction unless a water supi)ly 
were provided, an appeal was made to the Government to take the 
works and initiate construction. Some land will be irrigated diiring 
1907. The land is mostly in private ownership and is tributary to the 
Pecos Valley and Northeastern Dhusion of the Santa Fe Railroad. 

OREGON-CALTPORNIA. 

Klamath project . — The Klamath project contemplates the reclama- 
tion of about 190.000 acres of land situated in Klamath County, 
Oreg., and Modoc and Siskiyou counties in California. The plans 
involve, in addition to the irrigation of the valley lands, the reclama- 
tion by drainage and future irrigation of a portion of the Lower 
Klamath and Tide lakes, lands which are now either swamp or lake 
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bottoms. Practically all the uplands, Avhich include the greater part 
of the jiroject, are held in private ownership, a large part being in 
large holdings, which, under the terms of the reclamation act, must 
l)e subdivided into tracts not to exceed IdO acres, as this is the max- 
imum area for which water can be furnished to individual owners 
under the law. The public lands under the i)roject. which include a 
large portion of the lake and swamp areas, are at present withdrawn 
from entry. When these lands are restored to entry, homesteaders 
may file applications fur available public lands. The lands in Cali- 
fornia are under the jurisdiction of the Susanville and Eedding land 
offices and those in Oregon under the jurisdiction of the Lake view 
land office. Land can be ac([uired at the present time only by [)rivate 
purchase. 

The ju'oject is naturally divided in two jiarts. which have been 
commonly called the " upper " and " lower." The " upper jiroject," 
which takes its water supply from the Lost River, with Clear Lake as 
a storage reservoir, includes Langell's, Yoiina, and the upjier Poe 
valleys. The lower project includes tlie lands in Klamath and lower 
Poo valleys and the Lower Klamath and Title lakes. The source of 
water supply for the " lower project " is Ujtper Klamath Lake. 

Construction work on the first b miles of the main canal and the 
laterals thereunder was begun in March. lOOG, and it is expected this 
unit will be completed in 1907. From the first unit of the main canal 
and the little Klamath water ditch, conimoidy known as the Adams 
canal, which has recently been purchased by tlie Knited States, water 
can be delivered to from 12.000 to 1.5.000 acres during the irrigation 
sea.son of 1907. The lands under the jiroject are of good quality. 
The jirincipal crops grown are alfalfa, wheat, oats, barley, rye. veg- 
etables. and some deciduous fruits. A few experiments in sugar- 
beet culture show that it is probable that this crop can be successfully 
grown. 

The ]n-incipal town of the valley is Klamath Falls, located on Link 
River, about 1 mile below the lower end of Uj^per Klamath Lake. 
Other towns in the valley are Merrill, situated near Tide Lake, and 
Bonanza, situated on Lo^t River, within the so-called " upper project." 
The California and Xorthea.stern Railway is now under construction 
to Klamath Falls. 

OKEOON. 

I nidtllht inojccf. — The Finatilla project embraces 20,000 acres 
immediately south of Columbia River and east of I'matilla River. 
About 10 jicr cent of the.-e lands are in public owiiershij). The engi- 
neering works in connection with this project consist of a f(>ed canal 
from I matilla River to the Cold .Springs reservoir and a distributing 
ststem. The works are of simple character and capable of being 
constructed in a short time. The irrigable area under this project 
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lies below 500 feet in altitude, is rolling in character, and the lands 
are of high fertility. The climate is warm and the soil adaj^ted to 
orchards, small fruits, and vegetables. Transportation facilities are 
excellent, the lands being within 200 miles of Portland. Oreg.. or 
Spokane. IVasli.. on the main lines of the Oregon llailroad and 
Xavigation Comiiany. 

rxAH. 

Sti'ciirherry Ynlley project . — This jn’oject provides for the irriga- 
tion of about CiO.OOO acres of land in central Utah, situated from 5 to 
15 miles south of T'l'ovo and on the eastern shore of Utah Lake. 
IVater supply will be received from a storage reservoir to be built 
on Strawl3eri'v River, about 2>0 miles east of the irrigable area. By 
means of a tunnel 4 miles long stored water will be carried under the 
divide and emptied into .'Spanish Fork, from which a canal from IS 
to 20 miles long will convey it to the irrigable area. The lands 
have a mean elevation of 4.500 feet. 

IDAHO. 

Ptnjettr-Bolsc proj(<t . — The Ihiyette-Boise j)roject ultimately will 
reclaim about 450.000 acres of land in lh(‘ valleys of the Payette, 
Boise, and Snake rivers in southwestern Itlaho. Of this area about 
five-sixths are witln)ut present facilities for irrigation. The valleys 
are tributary to the Oregon .Short Ihne. the Boise. Xampa and 
Owyhee, and the Idaho Xorthern railroads. 

The complete plans propose the utilization of both the Payette and 
Boise rivers, and include tlu' construction of extensive storage works 
at the headwaters of each stream. The lands are in Ada, Canyon, 
and Owvhee counties and are smooth, with gentle slopes. The work 
of construction has been taken up by units, and several years will 
elapse before the whole project is completed. .Several contracts have 
been let and work is well under way. 

WASHIXOTOX. 

Ol’onofpw project . — This project is designed to supply water to 
8.050 acres of land in Okanogan Valley in northern 'Washington. 
The water supjjly is estimated to be sufficient for the proper irriga- 
tion of 10.000 acres, 1,350 of which are now supj^lied. The farm unit, 
on account of the possibilities for high development in this section, 
will be 40 acres. Lumber for building purposes and fuel supplies 
are i)ractically unlimited. The lands are tributary to the Great 
Xorthern Railroad. 

Ydl/mut YfilJey. — Yakima Valley contains an area of approxi- 
mately 500.000 acres; with storage it is estimated the water supply 
is sufficient for 340.000 acres. This acreage includes approximately 
100,000 acres in the Yakima Indian Reservation, which can be brought 
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under the canals at a moderate cost, but for which there is no late 
summer how in the river. The development of a comprehensive 
system of irrigation in Yakima Valley can be accomplished by the 
successive construction of several units of a general project, the work 
being gradually extended to embrace the entire irrigable area. 

The Tieton division, which is an integer of the gr(‘at Avork pro- 
jected in Yakima A'aHey, embraces an area of almut 24.000 acres west 
of and near the city of North Yakima. The water supply Avill be 
from Tieton Iliver, supplemented by water stored in Bumping Lake. 

The Sunnysido diA'ision of the Yakima project contemplates the 
purchase, enlargement, and extension of the Sunnyside canal system 
noAv in o]>eration, and in connection therewith the construction of 
suitable storage works at the np]ier Yakima lakes. The (rOA'ernment 
has purchased the property of the AVashiugton Irrigation Company. 
Tlie canal and lateral system contemplated as the first section of the 
Avork Avill irrigate about 20.000 acres of land in addition to the 40.000 
acres uoav under irrigation from existing canals. 

Construction of the Tieton and Sunnyside projects began during 
the winter 1000-7. 

^Vaj)ct(> project . — The irrigable lands tinder this project are all 
embraced in the Kakima Indian Reservation, south of Atanum ('reek, 
and on the right bank of the Yakima River. This jiart of the reser- 
A’ation contains about 120.000 acres susceptible of irrigation, some 
17.000 acres of Avliich are now receiving Avater during the season of 
high Avat(>r. These lands lie particularly well for easy control and 
in resjtect to soil and transjmrtation facilities are equal to the l>est in 
the valley. 

For the reclamation of the-e lands the plans provide for the en- 
largement of the old and neAv reservation canals Avhich Avere built 
Avith tribal funds, the utilization of all of the waters of Toppenish 
and Sapus creeks, and the storage of 2(iO.000 acre-feet in the Yakima 
Lake. An act of Congress Avas jiassed March 0. 1000. authorizing the 
Secretary of the Interior to make investigations to determine the 
feasilhlity of irrigating tlu'M' land^, to fix the A'alue of the itresent 
irrigation Avorks on the respi-yatioit in order that they might be in- 
cluded in the co't of the project and be paid for by the water users 
who obtaiiual Ixaietits thereof. Before actual construction can beein 
it Avill be necessary to make arrangements Avitli the Indians in order 
that the surplus areas in their allotments may be disposed of as pro- 
vided in the law. and become subject to th<‘ i)ayment of the purchase 
lU’ice from the Indians as charges for the reclamation Avorks. It is 
hoped that these questions can be adjusted at an earlv date, so that 
the Reclamation Service may be able to ju'oceed Avith the necessary 
surv(‘ys and investigations preliminary to the actual construction of 
the project. 
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By Prof. ABTiirn ScHt STEK. 

Lanijii'orthy iirofc^sor of phi/.'.ic't in the i’niverxity of ilanchenter. 


Tlio pursuit of science lia> always joined in sympathy men of 
different nationalities, and even before the days of rapid letter post 
and quick traveling, intercourse, especially by correspondence, exer- 
cised a considerable inffuence on scientiffc activity. Such intercourse 
was, however, of a personal and juirely stimulating character, and 
only quite exceptionalh’ was there any direct attempt to organize 
investigations which required a combination of workers in different 
localities. AVithin the last century, however, many problems became 
urgent which could not be solved without some international agree- 
ment. and special organizations came into life which have rendered a 
service the importance of which can not be exaggerated. 

At present we are confronted with a new difliculty. International 
combination has become so necessary and organizations have in con- 
sequence increased to such an extent that tliey begin to overlap, and 
there has been some danger of mutual interference. Fear has also 
been expre.ssed that any attem])t to advance knowledge by an organ- 
ized combination of workers might discourage private efforts, and 
therefore' do mischief rather tlian good. It must be acknowledged 
that this dangc'r exi-ts. Tin* pro]a'r function of combination must l)e 
clearly separated from that of private enterprise, and some general 
regidating control is therefore called for. The time seems rij^e for a 
general review of the situation. 

ATe may distinguish between three types of international organiza- 
tions. The first aims simply at collecting information, the second is 
intended to fix fundamental units or to initiate agreements on matters 
in which uniformity is desirable, while in the third tvpe of organiza- 
tion a more direct advance of knowledge is aimed at and research is car- 
ried out according to a combiiu'd scheme. Generally an international 
association does not entirely fall within any single one of these divi- 
sions. but it is useful to draw the distinction and classify the associa- 
tions according to the main object v Inch they an' intended to serve. 

The best example of an organization formed for tin* purpose of 
collecting information is furnished by the great undertaking initiated 
by our Royal Society and having for its object the systematic cata- 

« Bead before the Itoyal Institution of tireat Britain at weekly evening meet- 
ing. Friday, Jlay 18, 1906. Reprinted from Transactions. 
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loguilig of tlio scientific literature of the world both according to the 
subjects and authors.'' Twenty-nine countries (counting the four 
Australian colonies separately) are actively participating in this 
work by furnishing slips contaiiung the entries which form the basis 
of the catalogue. A still larger number of countries assist by sub- 
scribing to the annual volumes. 

The subjects incliuh'd in the catalogue are classified according to 
seventeen branches of science, a" follows: 

[ A=mathematics : r>=morhanics ; r=^pliysi<'s ; D— <-hemNti-y ; I]=n.«;tiT»nf)my ; F= 
nieteorolo^^y : <; = min»‘ralo.uy : ll=t;eoloiry : .I=q,<^oiiruphy ; K=pdle(mt<)lot^y ; L^biol- 

oay : !M=liotany ; N—zooloav : 0=aiiatomy : P~antlu‘opo]oc:y : Q=phy'«ioloiry : R=*=bac- 
toriolopiy j 


Cf»nntry. 


A 

B 

r. 

D. 

E. 

F. 

(.4, 

H. 

.r. 

K. 

L 

M. 

X 


P. 

Q 

R. 

Russia 

14 

2 

•> 

11 

6 

18 

la 

19 

20 

20 

13 

8 

3^ 

30 

a 

14 

s 

8 

Frnneo 

'2~ 

4 



17 

t 

3 

10 

7 

r, 

0 

1') 

13 

12 

7 

3 

l.s 

16 


7 



















7 



.... 















Holland 


1 

2 

1 

3 

1 

2 

1 

2 

3 

1 

4 

3 


1 

1 

2 

3 


') 



.... 
















4 










3 



t 

1 


1 












India 

29 

5 

4 

__ 


■j 

.a 

2 

3 

4 

•2 

n 

U 

5 

■) 


4 

6 

I’nited 

bi 

11 

n 


14 

10 

11 

s 

12 

10 

7 

9 

12 

10 

3 

3 

7 

9 

Great Britain 

29 

5 

7 

1.'^ 

17 

(> 

y 

.V 

,•5 

5 

4 

f) 

0 

0 

0 

i] 

7 

13 

Au‘*triii 

1 

1 

2 

J 

- 

1 

t 

3 

7 

0 

2 

( 

1 

fi 

1 

s 


1 

Cape of Good Hope . 

f) 




2 



2 

2 




1 






Ib-nnuirk 

f, 


















r.u'vpt 

1 


















I'lnLind 

1 

1 

1 

2 

2 

1 

1 

2 


1 

1 

1 

j 

2 

1 

1 

2 

1 

Germany 

U 



14 

]'< 


') 


4 

% 

1 

13 

9 



2 

IS 

7 

Ititlv 

— 


















Japiin 

r> 


















Muxi.b) 



















N'ew South ‘SVales. . . 



















Nova Scniia 

1 


















firantif River 

1 


















Piihind 

1 


















portUiTtil 

1 


















(^iieeii'-laiid 

■_> 


















Smith Au'^trsilia 

j 


















swctleii 



















Victoria 

1 


















Western Australia .. 

1 






































Total 


ys 

9. 

Ml 


4') 


'iS 

Or; 

">o 

39 

t,') 

103 

90 

32 


bb 

fi4 

• 





- 








__ 








IIk' fiifaltPLriiiriLT t-ntcrpriM* (kmv rclcirrif tt) dip lulci natinniil f’atal<),uue of Srientific 
Litcraniis TIu' oi-jamal susrueNnon fm- inn-i-n.uiunal (■iM.prrnti.ni in rhc in-.^paiation o( 
an iiKl.'x III siicina u.i- lij I’lnli.^ir lu^c-pli lli'iir',. lha lir^t Siaialni-v (if tlia 

Smitlo.iman In-tirntinn. win,, at the meetmn .,f t!ie Untish A^aiieiation for the Aflvance- 

miint of Seionio in is',-,, at Ol.i'-a.ov. called .iitemioii to the arowina 1 of smii an index 

The ■Catalogue of Seieiitiln l>api.rv” pu!,h^hi_.d t, r many vi'ars liv the Koval Society 
of I.ondon. tva. the tir.t tiiiii of erote-...or Ih-ntt-x MiaaeMion Tile ' Interna t ional Cata- 
Iratne of Sc/i. n title Literatuie is an .nitaiowth of the - (fataloane of Scientitic Tapers " 

The Smithsonian Iiistittitioii sineii the hecinninn' has represented tiie fnited States in 
this important international undertaking — Edtiot, ^tnithsonian Institution. 



IXTERSTATIONAL SCTEKCE. 


495 


Subscribers 2 uay either obtain complete sets or any of the separate 
volumes. The relative populai’ity of the ditFerent subjects is illus- 
trated by the preceding table, which gives in the different columns 
for each science the volumes ap[)roxiniately requii’ed by each country. 
The figures are of course subject to variations from year to year. 
The first column shows the number (»f conqjlete sets subscribed for in 
addition to the separate volumes; these presumably find their way 
into university or juil)lic lilu-arii's. 

The ] 2 opidaritv of the special botanical catalogue is remarkable. 

A\’e may obtain a rough idea of the scientific activity of different 
countries by conq^aring the number of slips received from them 
during a certain interval. The numbers given in the I'cport pub- 
lished by the international convention held in London last summer 
and referring to all slips ivceived. are shown in the following table. 

The total nuud)cr up to March, 1!)0(>, has increased to 700.000. 
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The catalogue begins with the year 1901. but some countries send 
m their slips rather earlier than others, so that the time interval 
covered by the iuve.stigatioiis to which the table refci’s is not quite 
the same for all. Nevertheless, the numiiers shown in the table 
2 )ossess a certain interest. I have given in the last two columns the 
number of journals which different countries take into account and 
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the ratio of the iiuiii))er of slips to the number of publications. Here, 
again, it is difficult to estimate accurately how much value is to be 
attached to the figures, as there is no uniformity of selection as to 
what should and what should not be included in the catalogue. 
Joitrnals which may only very seldom contain any paper which is to 
l)e included may unduly diminish the numbers in the last column, 
which are also afi’ected by the interpretation given as to what is 
purely technical, and therefore to he excluded. Nevertheless, the 
conpiarison between the United Kingdom and France gives the some- 
what striking result that while France is slightly ahead in the num- 
ber of separate entries it contributes to the catalogue it takes account 
of nearly double the number of journals, and the ratio showing the 
numlter of entries i)er journal is therefore very small. In the case of 
Belgium and Canada we find also a large number of publications as 
compared with the slijjs received. 

Eegard must. hoAvever, be had to the fact that in the subject cata- 
logue the same paper may furnish several entries. Especially is this 
the case in biological subjects, where several species may be de- 
scribed. for each of whicli a separate slip must be written out. 
Hence in any country active chiefly in the discovery of now species 
the ratio given in the last column of the table would be abnormally 
large, d'hi'- is ])robably the explanation of the figures given for New 
Zealand. In the opinion of the director of the central bureau, the 
standards adopted by elillerent countries are drawing nearer together 
as the work proceeds, and before long we may thei-efore expect to 
obtain valuable statistical information on the scientific activity in 
difierent countries; but this is oidy an incidental result of the 
iimlertaking. It may rea-onably be argued that the scientific investi- 
gator ought not before he begins a research to trouble too much 
about what may hat e been done lyv others in the same direction, but 
ther(‘ is no doul)t that before publication he should have made him- 
s(df acquainted tvilh the literature of his subject. A Avell-arranged 
catalogue then liecomes a nece'-sity. though its value as a means of 
ludping studiuit-. ditbu--. <-onsiderably in different subjects. 

The governing body of the catalogue is an international council 
i-onijio^ed of one representative from each of the countries taking 
part in the scheme. This council has apj)ointed an executive com- 
initti'e. of which Professor Armstrong is the chairman. 

1 he central buerau for the juiblication of the catalogue is in Lon- 
don. under tile dii’ection ol Dr. Henry Forster ilorley. who has a 
stall ot 1.) workers under him. There are in addition 19 experts or 
lefcK^cs re]>re-ent mg the ditferent sciences. The annual office ex- 
[leuses, including salaries, amount to about £-2,g00; while the expendi- 
ture on printing, binding, and ]nil)lication in the year ending March 
1, 1905, amounted to nearly £4,900. The two items are just covered 
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by the guaranties of the ditferent countries which, as already men- 
tioned, take the form of subscriptions for copies of the catalogue, 
so that it may be said that the central office is self-supjiorting. 
After so short a time of working, this success must be a source of 
considerable satisfaction to Professor Armstrong and those who have 
helped to initiate the work. But the expense's incurred in London 
only represent a fraction of the total cost of the work, ilost of the 
countries establish regional bureaus whicli prepare the slips and for- 
ward them to London. Tliis really constitutes the most serious jiart 
of the work. In (xermany, for instance, the regional l)ureaus are 
under Professor Uhlworin, one of the university librarians, who is 
helped l)y six assistants and devotes his whole time to the work. 

I pass on to an undertaking of a very ditferent kind, lint still one 
which must be inchuled in the chi.ss which primarily aims at cata- 
loguing. The accurate (h'termination of the j)ositions of the stars for 
a particular period is a work which must precede all exact measiire- 
ment.s of their proper motions. Hence it constitutes a fundamental 
problem of astronomy. The multitude of stars seen on a bright 
night is bewildering to the casual observer. They are described in 
poetical writings as innumerable, but when an actual count is made it 
is found tliat their numbei' is really moderate, and it i.s doubtful if 
more than d.OOO stars liaie evei' be(‘n visible to the naked eye at the 
same time. The use of the telescope considerably increases this 
number, according to the size of the object glass or reflecting mirror 
used. Thus. .Vrgelander in Ids great .star catalogue included nearly 
824,‘200 stars Avhich he observed through his telescope of 4 inches 
aperture. The advent of photography, and the manufacture of suit- 
able h'li.ses to be used in connection with photograjihy. increased the 
astronondcal output of a fine night to such an extent that it became 
possible to make a further and lery substantial advance. The inter- 
national .star catalogue, which is at present being constructed, owes 
its origin chiefly to the hard work <»f Admiral iMouchez, who was at 
the time director of the Paris Observatory, and who became converted 
to the feasibility of the plan by the excellent results obtained by the 
brothers Henry, the pioneers in star photography. He was assisted 
by the energetic .support of 8ir David Gill, to whom the first sug- 
gestion was due. The jirogramme of woi'k ivas determined upon at 
an international conference which met at Paris in the year 1887. 
Eighteen observatories ivere to take part in the work, the telescopes to 
be used were to have an aperture of 14 inches, and such a focal length 
that a millimeter on the jrlale corre.sponded to one minute of arc. 
Each observatory had a certain regiem of the sky assigned to it, and 
undertook to cover this region four times, twice with plates of short 
exposure, twice with plates of long exposure, and to measure all the 
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stars appearing on the short exposure photographs. The long expo- 
sures Mere intended for reproduction in the form of charts, and are 
only taken by some of the observatories. As there are about 400 stars 
on each plate and it takes about (>00 plates to cover the share of one 
observatory once, this means that each observatory has to measure 
nearly 500,000 star places, and that the complete catalogue ivill give 
the jDOsitions of nearly 4.500.000 stars. This includes all stars down 
to the eleventh magnitude. 

The following is a list of observatories taking part in the work : 

For the Xorthern Hemisidiere : Greenwich. Oxford. Paris, Bor- 
deaux, Toulouse, Potsdam, Helsingfors, Pome, Catania, Algiers. 

For the Southern Hemisphere: San Fernando, Tacubaya, Santiago 
de Chile, Cordoba, Cape of Good Hope, Perth (West Australia), 
Sydney, Melbourne. 

The Avork connected witli the ultimate completion of the catalogue 
and especially the reproduction of the star maps refiuires considerable 
expenditure. Each country has to make its own arrangements, Avhich 
in the British Enii)ire usually means that each body concerned has to 
pay its own expenses. There Mas. hoAvever. in this case, some official 
help. The Astronomer Boyal obtained a contribution of £5.000 
from the Government for the reproduction of charts, and in the case 
of the Cape of Good Hope the necessary exjienses have been met 
from imperial funds. Professor Turner, of Oxford, has obtained a 
grant of £1.000 from the Government grant of the Koyal Society, 
and a further sum of £2,000 for publication from the treasury and 
the Fnii'crsity of Oxford jointly; hut the Atistralian colonies are 
much hampei’ed by the M ant of funds, and their M’ork tvill be dolat’ed 
in consecpience. The four French observatoi’ies on the other hand 
are M'ell supported. Each of them has receiied a Government con- 
tribution of £25,700, making a total of M'ell OAer £100.000. More 
than half this goes tmvard the reproduction of the long-exposure 
photographs as a series of charts, M'hich. hoAvei er, huA c proA'ed to be 
so costlA' that they Avill probably never be completed. Indeed, if 
completed, their utility may to some extent be impaired by the diffi- 
culty of storing them in an accessible manner. Professor Turner 
calculates that the series of maps Mill form a pile of papers 30 feet 
high. Aveighing about 2 tons. 

I now pass on to a fcAv examples of undertakings M’hich are 
intended to fix standards of measurement, or to establish a general 
agreement on matters in Avhich uniformity is desirable. The fore- 
most place in this diA'ision must he giAcn to the Bureau International 
des Poids et ^lesures, established in the year 18 1 3, at ScA'res. near 
Paris. This bureau Avas the outcome of an international commission 
( oiistituted 111 18 e)i). aaIiicIi had for its ohjec't tht^ scientific construc- 
tion of a series of international metric standards. By a convention. 
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entered into by the ditferent countries at a diplomatic conference 
held at Paris in i\Iarch and Ai^ril, ISTo, means were created for 
carrying out the work of verifyinc: standards under a new inter- 
national metric committee, and for tlie purjmse of enabling the com- 
mittee to execute their duties effectually, as well as of securing the 
future custody and preservation of new metric prototypes and instru- 
ments. the I’ermanent Metric Bureau was founded. The original 
cost of the bureau was £90.000, and the annual budget was fixed at 
£3.000 for the period during which the prototypes were being pre- 
pared. after which time it was expeeteil that the expenditure could 
Ire reduced to £9.000. Tn 1901. however, it reached £4.000. the maxi- 
mum to which by the terms of the convention the annual budget 
could be raised. Gi'eat Bi'itain did not join the conrention until 
1884. when it declared its adhesion. A first pa^mient (rf £1.787 was 
made as entrance fee. and the annual contribution now ranges between 
£900 and £300. ilajor ^lacilahon, to whom I owe the above details, 
is at present the British representative on tin* international committee. 

The work carried out at Sevres is nut confined to the reirroduction 
of metric standards, but measurements of pi'ecision in various direc- 
tions have been made with conspicuous success. .'Scientific thermom- 
etry owes much to tlie international l>ureau, and in some respects it 
may be said that exact thermometry was cnaited there. Professor 
Michelson's Avork. in wliich the length of the meter was comiiared 
directly Avith the haigth of a Avave of red light, is another classical 
iiiA’estigation carried on in the laboratories of the international 
bureau. More recently iMr. (luillaume examined the. physical prop- 
erties of alloys, notably tliose of nickel steel, and proved the possi- 
bility of manufacturing a material Avhich shoAvs no sensible expan- 
sion Avith rise of temperature. The importance of metallic rods the 
length of Avhich does not depend on ttunperature is oljvious. proA'ided 
they prove to be of sufficient permanence. 

Tt Avould haul nu* too far if I Avei'c to give an account of the con- 
ference and coiiA'cntious Avhich have led to a general agreement on 
the standards of electric mea'iirements. but it is a satisfaction to 
knoAv that these standards are essentially (hose proposed and first 
constructed by the British Association. The old British Association 
ohm no doubt Avas fouiul to be Avrong by more than 1 per cent, but 
it has remained the prototy])e of the ])resent international unit, and 
in iDi'inciple the old ohm. A’olt, and unit of current stand as they were 
giA'en to us by the original committee.'' 

'I The cirifriiial (•(ininiitte{- was :i))|)<)inte<l in isui and cimsisted of Profs. .A. 
AA'illianison. C. Wheatstone. AA'. Thomson (Lord Kelvin). AA’. H. Aliller, Dr. 
-Alatthiesseu, and Mr. F. .lenkins. In tlie following' .vear Alessrs. (', A’.-irley. 
Balfour Stewart. C. AA’. (Sir Charles) Siemens, 1‘rof. Clerk JIaxwell. Doctor 
Joule, Doctor Esselbach, and Sir Charles Bright were added to the committee. 
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A^Tiile in the case of scientific units complete agreement is abso- 
lutely essential, uniformity is desirable in other cases. There are 
matters of nomenclature in which confusion has arisen purely from 
want of general agreement. Thus the recent great improvement in 
the optical power of telescopes has led to the discovery of many 
details on the surface of the moon. Small craters or other distinctive 
features named liy one observer were not correctly identified by 
another, so that at the ]>resent time the same name is applied to quite 
different things by different observers. It is quite clear that an inter- 
national agreement in lunar nomenclature is called for. 

There are other deficiencies of uniformity which perhaps appear 
trivial, but which yet lead to the waste of a good deal of time. Such, 
for instance, is the position of tlie index in scientific books. The 
index is placed sometimes at the l)eginning, sometimes at the end. and 
sometimes neither at the l)eginuing nor at the end. Some liooks have 
no index, some have two — one for the subject-matter and one for 
names of authors. The loss of time which arises from one's ignorance 
as to where to look for the index can not be estimated simply by what 
is sjient on the search, but must include the time necessary to regain 
the placidity of thought which is esscntitd to scitmtific work. 

We must now turn to the more scu'ious aspect of those international 
associations which aim directly at an advance of knowledge. Mathe- 
maticians have drawn interesting conclusions from the contempla- 
tion of ideal l)eing.s who are confined to live on the surface and have 
no knowledge of anything that goes on outside the surface. Our 
Euclidean geometry would l)e unknown to them, and spiritualistic 
tricks could be performed by atiyoite pos>e'sing even to a minute 
extent the power of controlling a third dimension. It is, I think, 
worth while iinu'stigatiug the extent of th(> direct knowledge of a 
third dimension, which makes its so infinitely superior to the two- 
dimensional beings. We are able no doul)l, through our eyes, to pene- 
trate the depths of space, but we should be unalde to interpret the 
iinjiressions of our sight if we had not some tangil)le knowledge of 
three dimensions and had not learned to bi'ing the sense of sight and 
the sense of touch into hai’iuony. T>ut our sense of touch is confined 
to a very small distance from the ground on which we stand, and, 
independently of artificial means of raising ourselves above the sur- 
face of the earth, a layer 0 or 7 feet thick represents the extent of our 
three-dimensional knowledge. Compared with the radius of the 
earth the thickness of siu’h a layer is small enough, for it would rep- 
resent only the thickness of a sheet of paper on a sphere having a 
radius of meters. Compared with the solar system, and even 
more so with stellar distance, a thickness of 7 feet seems infinitesimal : 
let the infinitesimal is essentially different from the zero, apd even 
were our bodies much smaller than they are we should continue to 
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have the power to interpret tliree dimensions. These considerations 
show how inijiortant it is for ns to increase onr knowledge of the 
earth itself and to extend it as far as po.ssihle to the depth below oiir 
feet and the height above onr heads. 

In passing from the arbitrary units to which we refer onr terres- 
trial measurements of length, to the .scale on which we measure the 
dimensions of the solar system, and from tlunn to stellai' distances, 
the magnitude of the earth's radius or circninference forms an all- 
important immediate (piantity. One of the first acts of the French 
Academv of Sciences, founded in HilU;, consisted in or<ranizin<£ the 
work of accurately measuring the dimensions of the earth, and this 
at once enabled Xewton to contirm his celebrated theory of universal 
gravitation. As improvements in the methods of measuring kept 
pace with the work actually accomplished, our knowledge steadily 
increased, l)ut we are still impi'oving on it. New problems have arisen 
requiring more minute study, and the measurement of the shajie and 
size of the earth still remain a (]uestion of the first importance. The 
actual surteys and triaugulation re(|nired for the jturpose are of 
necessity left to the initiative of individual States or to the combina- 
lion of the States primarily conceriH'd, but the gtmeral discussion t)f 
results, as far as tln‘y apply to tin* earth as a whohc is entrusted to an 
international geodetic association, which at jiresent consists of twenty- 
one States. These, together with their annual contributions to the 
general fund, are entered in the following table: 


lielgium ... 

Denmark _ 

Geriiianv. _ 

Fraiu-O- _ . 

- £S0 ! 
40 i 

. ;->oo 1 

;!0o 1 

Austria. . . _ 

Bortuital 

Boumauia 

.. ... BiOO 

. - _ . So 

_ . . . 80 

Greece. _ _ 

_ 40 

SweOen . _ 

40 

Gr<‘at Britain . 

_ S(K) ' 

Switzerland. 

-- 40 

Italy _ _ 

. ; 

Servia. 

40 

•Taii.'in . . __ 

.400 ' 


1 -dl 

Mexico 

ir)0 



Tlu* cGloiiics of tip* XeUit'iiaiuls 

to 

rnited St.iles. 

liOo 

Norway 

_ 40 , 




dhe central bureau of this association is attached to the Royal 
Geodetic Institute of Potsdam, which is under the distinguished 
direction of Professor Helmert. Avho acts as secretary to the associa- 
tion. 

The question of measuring the size of tlu' earth, dejtends to a great 
e.xtent on the measurement of arcs of meridian. As long as we were 
confiiuMl to l.uropc* for the jnt'asureimmts of tlu^se arcs tlu'v remained 
necessarily short, but large]- jioi’tions of our globe have become ac- 
cessible to the theodolite, and there is especially one arc which is 
distinguished by llie fact that it is the longest possilde which can lie 
traced along the land covering the earth’s surface. It runs about 30° 
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east (if (ireenwieh, and a large portion of it passes tlirongii Africa. 
Owing to the great eiiergv and enti'i'prise of Sir David dill, the work 
of measuring this arc is well in hand, though at the present moment 
want of funds threatens to (Uidanger its completion. The Egyptian 
survey entrusted to Captain Lyons will no doubt receive continued 
support, and by an arrangement entered into between representatives 
of the German Government and Hir David Gill at a conference held 
in Berlin in 189(1 Germany undertook to carry out the triangula- 
tion through her territory in southwest Africa. I understand this 
work has been done and the triangulation of the Transvaal and the 
Orange Ivivei' Colony is also complete. There is still a gap in the 
southern part of Bhodesia, but there is every hope that this will soon 
be bridged ovei'. The Biitish South African Company ha\e spent 
£'3ti,000 on the woi-k and thus have very materially assisted an im- 
portant enteiprise. B’lum the African arc is completi' it will be con- 
nected with the Enssian and Koumanian arcs, so as to form a con- 
tinuous chain of lO.'d e.vtending from TO ' north to 3.5° south latitude. 
I have to point out. however, that in the oiiinion of those best able 
to judge, the completiou of the South African arc is not the only 
undertaking to which this country is called u]jon to pay attention. 
The triangulatioii of our own island, (‘.xcidlent as it was wlien first 
made, has fallen below the accuracy required in modern geodetic 
work. Entil our fundamental ti-iangulation has heen rejieated the 
sums ivhich at prcscmt are being spent on the detailed survey might 
find a hetter use. 

The main result of the work has been that so far as iirescnt meas- 
urements allow us to judge, tile sui’face of th(‘ ocean can be W(dl rep- 
resented by a surface of revolution, and it is not necessary to assume 
a more complicated shajie. The mean radius of the earth is deter- 
mined to about 100 meters, which means a possibility of dovdit 
amounting to about one [lart in CiO.OliO. 

Geodetic woik is. however, not confined to measurements of length, 
for important iiifoiauation may be derived from an e.xact knowledge 
of the acceleration of gravity over its surface. The introduction of 
the iiemhdum of sluirt length intended for relative and not for abso- 
lute measurement has greatly facilitated this woi’k. and it is hoped 
that these pendulum observations may be carried out over still more 
e.xtended regions, India is s(Uting a good example. It has measured 
two arcs of meridian, and the gravitational work carried out by 
( aptaiii Lurrard and recently publislmd bv the Eoval .Society is of 
jirimary importance. But. otherwise. British C Olonies require en- 
courageiiu'iit to do more. I am assured that measurements of the 
gi a\ itat lonal (aiustant lu C anada would lx* of the great('st uupoi'tance. 

I he bearing of such woi'k on our ktiowledge of the earth may per- 
haps l,e dhistiated liy one examide. It has often been a matter of 



INTEEKATIONAL SCIENCE, 


503 


■ft onder how mountain chains such as the Himalayas could rest on the 
lower strata of the earth without crushing them and forcing them in 
liy the jmre jjower of their weiglit, and the most jilausihle theory to 
account for this was found in the idea first suggested by Pratt that 
the mountain chains must not he compared with a large weight rest- 
ing on an understructure, hut rather with a lighter body partially 
immersed in a heavier one. Mountains, according to this theory, float 
in the body of the earth very much like icebergs float in water. The 
truth of this theory can only be tested by accurate measurement of 
the gravitational force from which information may be derived on 
the distribution of density in the eai'th's strata near the surface. On 
the whole, the measurements so far available have confirmed Pratt's 
hypothesis. 

More recently another problem has occupied the attention of the 
International (Jcodetic Association, and owing to its immediate inter- 
est has absorlied the greater portion of its funds. The astronomical 
world was surprised by the auuouncement of Professor Chamller that 
he was able to demonstrate from existing observations that the earth's 
[lole describes a closed cairt'e. taking about fourteen months to corn- 
plate a rev(dution. The possibility of a periodic shift of the earth's 
i'.xis was foresec'ii by Elder, who calculated the time of n'volution to 
be ten months, but observations did not show a sensible ])eriod of that 
duration. No one a[)parc‘ntly before (.’handler triial to see whether 
another period beyond a small annual one existed. The discrepancy 
lietween the calculated ten and tin* observed fourteen months was 
cleared iqt by Professor Newcomb, who jtointed out that Euler's cal- 
culation was based on tlie supposition that the earth is an absolutely 
rigid body. Any yielding would increase the length of the period ; in 
fact, the earth must be more rigid than steel in order that the period 
should be as short as fourteen months. This shows how indirect 
information on tin* physical jirojH'rties of the earth may be obtainetl 
sometimes in an unexpected manner, the j)eriodic revolution of the 
pole leading to an estimate of the aii'rage rigidity of the interior of 
the earth. The total displacement of the 2 >ole of the earth from its 
average position is small, never amounting to more* than S meters. 
The accuracy with which that displacement can be measured is a 
testimony to the excellence of our astronomical observations. It is 
a type of work in which cooperation is absolutely necessary. The 
subject has received additional interest through the suggestion made 
by Professor Milne, in his recent Bakerian lecture, that seisnne dis- 
turbances may be caused by the changes in the position of the ('arth's 
axis. Considering that the distortions in the earth are sufiicient to 
increase the periodic revolution of tlu* pole from ten to fourteen 
months, this suggestion is well worth investigation, and the £300 per 
annum spent by this countiy in support of the work of the geodetic 
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association 'will l)e Avell employed if it allows the vagaries of our pole 
to be more closely studied and all the dimeusioual (juautities of the 
surface of the earth to become moi-e accurately known. 

The contributions received liy the central luirean of this associa- 
tion from the participating States amount to about £3,000, and there 
is a balanc(‘. which at the end of 1004 amounted to over £5.000. The 
expenditure during 1005 was nearly £5.000. reducing the balance by 
£2.000. The principal items of the expenditure were formetl by con- 
tributions toward the maintenance of six stations in the Northern and 
two stations in the Southern Hemisphere for carrying out the observa- 
tions relating to the changes of tin* t)Osition of the earth's a.xis. The 
whole cost of this service is about £4,450. The honorarium of the 
secretary is £250. which, together with the cost of printing, postage, 
and a small item for grants toward special scientific work, makes up 
the expenditure. No charges are made for office expenses, which are 
defrayed by the Prussian (Jovernment. 

The geodetic work indirect ly givi‘s us valuable, though only par- 
tial. information on the interior of the earth, hiit it confines itself in 
the main to the surface of the glolx': the investigation of the atmos- 
phere carries us lieyoud. 

In an address deli\-ered to tlw' Uritish Ass<H‘iation at its Belfast 
meeting, in liid2. I expres>(>d tin* opinion tliat meteorology might be 
advanc(‘d more ra[)idly if all routine observations were stopped for a 
period of five years, the energy of observers being coiicentrated on the 
discussion of the results alnaidy ohtaiiual. 1 am glad to say that 
meteorologist' have taken seriou'ly a remark the echoes of which 
still reach me from distant parts of the earth. They disagia'o with 
me. but their disagreement is of the apologetic kind. I do not wish 
to retract or to weak(‘ii my previous statement, hut merely now 
r|ualify it tf) tlie extent that it is only to he apjtlied to two-dimensional 
meteorology. There is a thret'-diiiK'iisional met(‘orologv as far 
removed from the one that <-onfines itself to the surface of the eath 
as three-dimensional space is fi-om a flat area. Threc'-dinumsional 
meteorology i' a new sciouoe. which at prcMuit laapiires the establish- 
ment of new tacts before their discussion can jiroperlv beo’in. The 
extension of our range of observations by kites and balloons is of 
comjiaratively recent origin. ^Ir. .Vrchibald in this country was one 
of the ])ioueers of meteorological investigation by means of instru- 
uieuts attached to kiti'-. In the T iiited States iMr. llotch. having 
established a separate observatory, succeeded in convincing scientific 
men of the great value of the results which could be obtaiiu'd. iMr. 
Ij. 1 eissereuc de Bort. who established and maintained an observatory 
foi dtuauuc iiieliM irology at rrajipes. near Pans, rendered similar 
SCI \ i( es V ith regard to " {lilot or manned balloons carrying auto- 
graphical instruments. The aeronautical department of 'the Royal 
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Prussian Meteorological Institute, Avith Doctor Assmann at its head, 
under the direction of Professor von Bezold, also made a number of 
important contributions in the early stages of the work. Professor 
Hergesell, of Strasburg. similarly made numerous experiments; and 
chiefl}' through the efforts of those who.se names have been men- 
tioned, and more especially Professor Hergesell. an international 
agreement has been secured by means of which kite and balloon 
ascents are made in several countries on the first Thursday in each 
month and on three consecutiA’e days during two months of the year. 
A large station for aeronautical work was recently established at 
Lindenberg, near Berlin, where kites or Ijalloons are sent up daily for 
the purpose of securing meteorological I’ecords. The greatest height 
yet reached was during the ascent of the ^oth of Xovember, 1905, 
when by means of several kites sent one after another on the same 
wire the upper one rose to an altitude of ().430 meters, almost exactly 
4 miles. Owing to want of funds this country could until recently 
only participate in this work through tlie individual efforts of Mr. 
Dines, who received, however, some assistance from the British Asso- 
ciation and the Royal Meteorological Society. 

The reconstruction of the meteorological office has made it possible 
now for Mr. Dines's work to be continued as part of the rgular work 
of the office, and further stations are being established. Mr. Cave 
carries out regular ascents at his own ex[)ense at Ditcham Park, and 
through the cooperation of the Royal IMeteorological Society and the 
I niversity of ilanchester. assisted by a contribution for apparatus 
from the Royal Society government grant fund, a regular kite station 
is being established on the Derbyshin* moors. 

The international committee which collates the observations is a 
commission appointed by a union voluntarily formed between the 
directors of meteorological observatories and institutes of countries 
in which regular observations are taken. The meeting of directors 
dis cusses schemes of observations and encourages uniformity. 

If I mention a few of the <liffieulties which stand in the way of a 
hoinogeneous system extending over Eurojre. I do it in the hojte that 
it may perhaps ultimately assist in removing some of them. It is 
obviously desirable that the charts, which are intended to show the 
distribution of ju-essure and temperature, should be derived from 
observations matle at the same hour. (lermany observes at 8 o’clock 
of Central European time, and France observes simultaneously (or 
nearly so) by choosing 7 o'clock Paris time for its readings. IVe 
observe at 8 o'clock (rreenwich time, which is an hour later. It 
is the great desire of continental meteorologists that our standard 
hour should be 7 o'clock, and what prevents it from being so? 
Chiefly and absolutely the additional cost which the post-office must 
claim for the transmission of telegrams; because messages transmitted 
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before 8 o'clock are subject to an additional cliai-ge of 1 shilling 
which may be claimed by the postmaster, the claim being possibly 
increase to 2 shillings when the postmaster and telegraphist are 
ditferent persons. This is prohibitive, but it does not exhaust the 
inconvenience of the additional charge. For the purpose of weather 
forecasting it is clearly necessary that telegrams should be received 
as early as possible by the meteorological office. But the 8 o'clock 
rule delays telegrams from some Irish stations, because 8 o'clock 
by Dublin time is 8.25 by Greenwich time, and therefore Irish tele- 
grams may have to wait until nearly half past 8 if they are to be 
transmitted without extra charge. 

While the international organization of meteorology is well on its 
way. though difficulties such as those I have mentioned may tempo- 
rarily retard it, another question not altogether disconnected with it 
has been raised by Sir John Eliot. This is the establishment of an 
institution devoted to the collective study of meteorological problems 
atfecting all parts of the Ilritish Dominions. It is true, not only in 
this but also in other matters, that in order to take our proper position 
in international work it is necessary that we should set our own house 
in order, and we must give Sir John Eliot's proposals our hearty 
support. If I do not enter further into this question, it is because I 
am now dealing more especially with problems which go beyond the 
limits of tlie Empire. I assume the existence of a national organiza- 
tion. but lay stress on the insufficiency of this limitation. 

The importance of the subject, however, may be my justification, 
if I direct attention for a moment to the meteorological question as 
it j)re>ents itself in India. W(‘ all know and realize th(“ vital impor- 
tance of the rainy season, and the benefit which the native population 
would derive' if it wi're po--'eible to predict, even if only imperfectly, 
the setting in of the uionMion. It appears that Doctor Walker, the 
present director of observatories in India, recently obtained very en- 
couraging results in thi^ respect. Accoreling to his investigations, a 
fore'cast of the monsoon may be derived from a knowledge of the 
weather during j (receding months in difl'erent parts of the world. 
Thus a hi'avy rainfall in Zanzibar in Way is followed by a weak 
monsoon, while a pre-'sure deficieucv in Siberia during the month of 
iMarch indicates a ju'obable deficiency of rain in India during the 
following August. 1 need not insi>t on the imjiortance of these 
results, which at jiresent are ]>urely empirical and require further 
coufirmation. luit it is (|uite clear that for the successful prosecution of 
th(>s(> imiuii’ies politii'al bonndarie- must be disregarded and a system 
of intercommunication organized between the countries chieflv con- 


ceriu'd. Doctor A alker infoians mo that he has successfidly arranged 
foi telegraphi<' r(‘[>orts to be sent to him at the beginning of June 
from six different stations in Siberia. It is hoped that this cooitera- 
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tion. which was iinavoidahly discontiiuipd durintr tlie late war. may 
now be reestablished. 

The course of iiiteriiatioiial oi'jjanizatioiis does not always run 
smoothly. The efforts made toAvard cooperation in earthquake 
records have unfortunately led to differences of opinion, Avhich have 
hitherto preA ented a truly international system being formed ; and if 
I giAT' a short historical account of the circumstances Avhich have led 
up to these differences, it is only in the hope that this may help to 
remove them. The scientific investigation of eartlujuakes may be 
said to have begun Avhen British professors of physics, engineering, 
and get)logy Avere appointed at the Imperial C\)llege of Engineering 
in Tokyo. Some of them on returning home succeeded in interesting 
the British Association in the subject. Ea'cc since ISSO that associa- 
tion has been an actit e supporter of seismic iiiA'estigations. The much 
disturbed region of the Ja[)anese islands Avas naturally the first to be 
studied, but in 181)5 Professor Milne, as one of the secretaries of the 
committee, issued a circular calling attention to the desirability of 
observing AvaA’es Avhich have traveled great distances, and some 
months later Dr. E. v. lvel)eur-PaschAvifz, of Straslmrg, dreAv up sug- 
gestions for the establishment of an international system of earth- 
quake stations, d'o tills sclu'ine Profi'ssor Milne and other members 
of the British Association committee gat’c their approval. The co- 
o])eratioii Avhich thus siHuneil so ha])pily inaugurated Avas lirokeii bj' 
the unfortunate death of its originator. Circumstances then arose 
Avhich compelled th(‘ British Association committee to go its oavu Avay. 
Under its direction a system Avas e-taltlished which now includes about 
forty stations distrilmtetl all over the world. But the needs of dif- 
ferent countries are not. and Avere not, meant to be satisfied by this 
organization. 

There is alAvays a certain number of earthquakes liaAung purely 
local imjAortance and reipiiring discussion from a purely local ])oint 
of A’ieAA’. Eor the purpose of such discussion relating to the disturb- 
ances Avhich chiefly affect central Europi*, the union (so-called kartidl) 
of the academies of ^"ienna. iMunich. Leipzig, and (h'ittingen formcAl 
a committee and did e.\c(>llcnt Avork. In the meantime Professor (ler- 
hind. Avho had succeedcAl Doctor Kebeur-PaschAvitz at Strasburg, 
liad personally inA’ited a number of friends interested in the subject 
to a conference at JStrasburg. Avith the object of forming an inter- 
national association. This Avas folloAved in P.iOh liy a formal con- 
ference called by the German GoA’crnment. at Avhich Great Britain 
Avas represented by Sir Giairgc DarAviu and Professor Milne. This 
conference ilreAv up a scheme foi' an international association, ami a 
large numbi'r of countries, including Kussia and Japan, joined. 
Strasburg Avas selected as the seat of the central bureau. The mat- 
ter came up for discussion at the meeting of the International Asso- 
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c'iation of Academies, which was held in London in 1904. and a com- 
mittee was appointed for the purpose of suggesting snch modifications 
in the constitution of the seismic organization as might bring it into 
harmony with the views of the associated academies. This commit- 
tee. over which I had the honor to preside, met at Frankfort and 
recommended a number of important changes, which were unani- 
mously accepted by the second seisnuc conference, held last summer 
in Berlin. In consequence of this acceptance, it appears that Italy 
and the United States joined the seismic association, while England 
declared its Avillingness to join under certain conditions, of which the 
simultaneous adhesion of France ivas one. The following summary 
of the States ivhich have joined and their population is copied from 
the official report of the last meeting at Berlin : 


Country 

Population 

1 

Population. 

i'Ution 


(jO, 000,000 ' 


:;3,uo0 000 
13. OOO, 000 
2,300.000 I 

'b .'*00. 000 

j .'>,400,000 

LlC.0 


7,U00,0OO 


bO 


bi 700,000 

1 3.000 000 

10, (KJO, 000 1 
10,000. 000 


20 

Chile 

20 The«'()lonie'!Ot’t}ieNc*th- 

40 



40 


70,000,000 i 


; 40 



1 120.000.000 
O.oOO.OOO 

1 

liiO 


iy,2’>0.(KK> 


1 20 

i 

Japiih 

1 48>X1.0UO 

1(.0 


It was decided at the Berlin meeting that Professor Kiivesligethy. 
of Buda])est. should he secretaiw and Professor Palazzo, of Rome, 
the vice-president of the International Seismic Association. Pro- 
fes'or Gerland had already previously been designated as director of 
the central bureau. The office of president of the association was left 
vacant until the final decision of Great Britain as to its adhesion had 
been settled. There the matter stands for the present. 

The disastrous results of recent earth(|uakes and A'olcanic erup- 
tions have directed increased atteidion to the subject. Its thorough 
investigation is indeed likely to yield important information on the 
interior con-tituton of the earth. .V hearty cooperation to obtain 
ami circulate the material for a detailed discussion can not fail to bear 
fruit, and even though there may be legitimate grounds for dissatis- 
faction at the manner in tvhich a particular scln-me has been organ- 
ized. I must e.\])ress my own oi)iniott that at the present moiiK'iit the 
permanent interests of this country ivonld be best secured 1)^- our 
joining the association and hel])ing to dina-t its work in a manner 
Avhich AYotdd assist rather than hamper the juvsent organization of 
the British .Vssociation. 

I do not like to <'onclude ivithont mentioning a newlv established 
organization, which has its c<‘ntyal bureau in my own laboratorv at 
the University of IManchester. This i- a union for the ol)servation 
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of solar phenomena. Called into being chiefly by the energy of Pro- 
fessor Hale, this association is perhaps unique in two resjiects. It 
aims more directly at conducting research work than is the case with 
other unions, and in so far may run the danger of hampering private 
efforts. This danger has, I believe, been well guarded against by the 
constitution adopted at the first meeting of the conference, held last 
September at Oxford. The second peculiarity referred to is that it 
works a central bureau, a computing bureau ( under the direction of 
Professor Turner), and is going to publish transactions without any 
funds beyond those doled out to it by charity. Its vitality ivill, I 
hope, help it to overcome its initial troubles. Its ambitious pro- 
o-ranime includes a definite agreement on the standard of wave length 
and investigations on the permanence or variability of solar radiation. 

This latter question is of ,considerabl(' intei'est to meteorologists, 
and comes, therefore, within the purview ot the directors of meteoro- 
logical observatories, who have also, under the ])resideucy of Sir 
Xorman Lockyer. established a commission charged with its discus- 
sion. An arrangement has be(>n made securing cooperation between 
the two bodies, the Solar Union leaving out of its programme the 
difficult (piestion of the relationship between sun-spot variability and 
meteorological phenomena. 

Although an unnecessary overlapj)ing of two scj)arate enterprises 
has in this instance been avoided, such overlapi)ing constitutes a 
certain danger for the future, as the problems of geo-physics — for the 
investigation of which international associations are specially marked 
out — are so intimately connected with each other that a homogeneous 
ti'eatuieiit would seem to re(iuire a central body supervising to some 
ext(mt the separate associations. Such a central body may be found 
in the International Association of Academies, which promises to 
play so important a part in scientific history that a short account of 
its early history may be of interest. The kartell of some of the (xer- 
man academies and that of Vienna has already been referred to. In 
discussing the utility of its deliberations Prof. Felix Klein, of 
Gottingen, first mentioned to me the idea that an association of a 
similar nature would be likely to prove of still greater value if 
formed between the scientific and literary academies all over the 
world. In consequence of this conversation I tried to interest the 
Koyal Society in the subject, and in order to obtain further informa- 
tion Professor Armstrong and myself attended privately, though 
with the knowledge and consent of the council of the Eoyal Society, 
the meeting of the kartell which was held at Leipzig in the year 1897. 
In the following year the two secretaries of the Eoyal Society, Sir 
Michael Foster and Sir Arthur Eticker, together with Professor Arm- 
strong and myself, attended the kartell which then met at Gottingen. 
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The secretaries were impressed l)_v the great possibilities of the 
scheme, and the council took the initiative and approached the acad- 
emies of Paris and St. Petersburg, which both returned favorable 
answers. 

In consequence of the correspondence between these learned soci- 
eties, the Royal Academy of Berlin, in conjunction with the Royal 
Society of London, issued invitations for a general conference to be 
held at IViesbaden on the hth and 10th of October, in the year 1899. 

The following were represented at this meeting, at which the 
.statutes of the new association Avere agreed upon : The Royal Prus- 
sian Academy of Sciences, of Bculin: the Royal Academy of Sciences, 
of Giittingen ; the Saxon Academy of Sciences, of Leipzig ; the Royal 
Society of London : the Royal BaA’arian Academy of Science, of 
Munich; the Academy of Sciences of Paris; the Imperial Academy 
of Science, of St. Petersburg: the National Academy of Science, of 
IVashington : the Im[)erial Academy of Sciences, of Vienna. 

The unanimity of the meeting may be judged from the fact that a 
working constitution, which subse<juent expei'ience j)roved to be 
eminently effective, was finally arriA’ed at on the .second day. iMany 
distinguished men took part in the di.scussions ; amongst them Prof. 
Simon Newcomb and tlic late ProfesMU- VirchoAV may lie specially 
mentioned. 

Although the Berlin Academy had never joiiK'd the German kar- 
tell, the first iihai of a wider a^.sociation seems to be due to a dis- 
tinguislu'd memb(>r of that body, the historian Mommscm. Avho, 
though of advanced age. was able to be present at the first regular 
meeting of the association. A\hich Avas held at Paris on Aj)ril Ki-ifO. 
1901. In addition to the societies Avhich took part in its foundation, 
the following form j)art of the association and were representt'd at 
Paris: The Royal Academy of Sciences, of Amsterdam: the Roval 
Belgium Academy of .Sciences. Arts, and Letters: the lluni>’ai'ian 
Academy of Sciences; the Academy of Sciences of Christiania: the 
Academy of .Sciences of Copenhagen: the Academy " des In.scriptions 
et Belles-Lettres of the Institut de France: the Academy of “ Sci- 
ences. morales, et politiques " of the Institut de France; the Royal 
Society dei Lincei." of Rome: the Royal SAvedish Academy of 
Sciences. 

This meeting is not likely to pass out of the memory of those Avho 
took part in it. Its imjAoitaiK'e Avas (mhanced by the social functions 
which Avere held in connection Avith it. and Avhich included a luncheon 
given hy President Loubct. at the Elysee. a banquet giA’en by the 
couseil municipal, and a special performance at the Theatre Francais. 
The subsequent triennial meeting of tho academy. Avhich Avas held in 
1901, passed oft not less brilliantly. The reprcsentatiA’es of the 
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learned societies ivere received by Their Majesties at Windsor, and 
the lord mayor invited them to dinner at the INlansion House. Social 
engagements, though welcome as marking the importance of the occa- 
sion, are not allowed to interfere with the very substantial work 
Avhich is being done at these meetings. The list of subjects included 
in the discussion of the London assembly gives an idea of the activity 
of the association, which does not stoj) at the conclusion of the meet- 
ings, but is kept alive by the work of its members. A jiermanent 
committee was charged with the investigation of the functions of the 
brain, and others were appointed to deal with questions of atmos- 
pheric electricity aiul of the measurement of magnetic elements at sea. 
An imjjortant proposal to carry out an exact magnetic survey along a 
comijlete circle of latitude is tinder discussion. The section of letters 
dealt with the mutual arrangements between libraries regarding the 
interchange of manuscri2)ts. approved the intended edition of the 
Mahabhiiratii. and considered ;i projaistil to construct a new Thesaurus 
of ancient Greek. The association also took cognizance of and 
recei\ed rejiorts ou independent interiiiitiomil undertakings, such as 
the catalogue of scientific literature, the geodetic association, and the 
geological congress. 

The association meets every three years. To these meetings each 
constituent iicademy may send as many delegates as may be found 
convenient. For the discussion of specitil <jtu“stions the assembly 
divides itself into a scientific section ami <1 literary section. 

In each of these sections, as well :is in tlu> jtlenary meetings com- 
prising both sections, each academy has oidy one vote. At each 
triennial assembly the next meeting phice is chosen. In the intervals 
between the meetings the affairs of the association are placed in the 
hamls of a council on which each academy is represented by two 
members or one, according as it comprises both a literary and scien- 
tific section or only one of them. The resolutions passed by the asso- 
ciation are not binding on the constituent academies, who maintain 
their liberty of adopting or rejecting them. 

The association of academies suffers unavoidably from a certain 
want of homogeneity, owing to differences in the constitution of its 
component bodies. Most continental academies contain both literary 
and scientific sections, and at the organizing meeting held at "Wies- 
baden marked attention was drawn to the fact that there was no body 
in England that could be considered as representative of literary 
studies. If matters had been left a.s thev stood then, this country 
would have been altogether unrepresentative as regards half the 
activity of the association. Efforts were made, in consequence, to 
take a more liberal view of the branches of knowledge coming within 
the range of the Eoyal Society and to include literary subjects. 
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Very unfortunately, in my opinion, these efforts failed, and a charter 
was granted to the British Acadcniv, which has now been included as 
a separate body among the list of academies forming part of the 
association. While in this respect we have been at a certain disad- 
vantage. the constitution of the Royal Society has the great advan- 
tage of being truly re[)i'esentative of the Empire. In France, on the 
other band, no one can belong to tlie Academy of Sciences who is not 
domicibal in Ibiri^. Similarly, although tlermany possesses four 
royal academies (Berlin, Gottingen. Leipzig, iMiinich). each of them 
is confined as regards ordinary members to its own locality’; so that 
a prof’es>or of the universities of Bonn or Heidelberg, however emi- 
nent he may lie, could not become a member of any of these acade- 
mies. Xeither in France nor in Germany can the academy thei’cfore 
be called truly representative. Tbe disadvantages which may arise 
from this defect lune been minimized by adoj)ting a rule that the 
international association of jicademies may appoint committees for 
Ihe discussion of spei.nal questions, and that members of these com- 
mittees need not be members of any of the constituent academies. 
This to a large degree obviates what would otherwise be a consider- 
able difFiculty. Xeverthek'ss I believe that tbe circumstances to which 
I have drawn attention form the only impediment in the way of 
lianding over to the association of acacUunies the ultimate control of 
every new international undertaking and even the charge of some of 
those already established. It is highly desirable that we should work 
toward this end. An energetic enthusiast may easily start a new 
enterprise, and governments are appealed to from different sides for 
help and support. There ought to be some authoritative body to 
whom the governments eoidd apply for ad^■ice. Overlapping and 
waste would be thus avoi<led. 

It is not my desire to disguise the difficulties which have sometimes 
been encountered in [)roviding for joint undertakings on a large scale. 
Whether national or international, combined work between men of 
different temperaments always requires some suppression of person- 
ality. Even stronger feelings may be involved when a central office 
or bureau has to be selected which specially distinguishes one localitv. 
The advantage gained by the locality is often one of appearance 
rather than of reality, for these central offices should be the servants 
rather than the masters of the undertaking. In order to jirevent 
national feeling being aroused by any preference given to one nation, 
it has been customary to select a president belonging to a different 
country from that of the director of the central bureau. There are 
also a vice-jjresident and a secretary — all belonging to different 
nations. It is thought that such a distribution of office may assist in 
preserving harmony. I believe that this is the case, but sometimes at 
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ihe risk of impaired efficiency. It can not be denied, however, that 
the seat of the central office of an important undertaking confers a 
certain dignity, and it is quite natural that a country should feel 
some ju'ide in the distinction. 

England as a whole has not done so badly. IVe .should not forget 
that in a great portion of the world all clocks strike the same minutes 
and seconds. Before long all civilized counti'ies (e-\ee])t Ireland) 
will have adopted the (Ireenwich meridian for their standard of time, 
and we may rightly tlu‘refor(> call (Ireenwich the central bureau of 
universal time. The offices of tlie international catalogue and both 
the central and coni])Uting bureaus of the --olar union are situated in 
this country, and if we have secured an even larger share of the oner- 
ous but honorable duties incumbent on such offices the fault is our 
own. The questions which at the j)resent moment more especially 
recpiire coinbitied treatment ai'e tho.se of geo-physics, a subject for 
which very inadecpiate provision has been ma<le in England. Our 
earthquake observations almost entirely dej)end on the self-devotion 
of one man, and the nudeorological office, which might reasonably b(» 
expected to take charge of certain portions of the work, .such as 
atmospheric electricity. I)eing kej)t in a state of chronic poverty, must 
restrict it.s actii ity to work of the most pii'ssing necessity. Germany, 
on the other hand. Inning a large numl)er of well-efpiipped stations 
for geodetic, niagnetic, and aeronatitic woi'k. naturally reaps the 
reward when the offices of an international undertaking Inne to be 
chosen which shall be attached to flourishing institutions in charge 
of men possessing the leisure and (jualitications for the work. 

Xo serious advance will be made in our ow n country in this respect 
until our universities pay more attention to the subject of terrestrial 
physics. This would invohe the establishment by the univei’sities of 
separate laboratories or institutions, to which their 2)resent funds 
could not be applied. The matter wants consideration in detail and 
should be carried out according to a homogeneous scheme which 
would prevent wasteful repetition in dilferent places. But I feel 
certain that until we have traiiu'd up a number of students who 
possess an adequate knowledge of questions of meteorology, geo- 
detics, terrestrial magnetism, and seismology the position which this 
country will take in international organization can not be a leading 
one. though it may be. and. indeed, owing to private efforts, is at 
the present moment one of which we need not be ashamed. 

Finally, I must lay stress on one aspect of the question wdiich I 
hope may induce us to attach still greater importance to inter- 
national undertakings. The cooperation of different nations in the 
joint investigation of the constitution of the terrestrial globe, of the 
phenomena which take place at its surface, and of the celestial 
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bodies which shine equally upon all, directs attention to our common 
interests and exposes the artificial nature of political l)Oundaries. 
The meetings in common discussion of earnest workers in the fields 
of knowledge tend to obliterate thi‘ superficial distinctions of manner 
and outward bearing which so often get exaggerated until they are 
mistaken for deep-seated national characteristics. 

I am afraid I hare only giyen a yery inadequate account of the 
serious interests Avhich ai’i' already involyed in international scientific 
inyestigations. But if I may point once more to Indian meteorology' 
and insist on the yital importance of an etf'ectiye study of the condi- 
tions which rule the monsoon, eyei'yone will, I think, realize how 
impossible it is to separate scientific from national interests. The 
solution of this particular problem requires an intimate cooperation 
with Central Asia and Siberia — a coojKU’ation which has been easily 
secured. I do not wish to exaggerate the ciyilizing yaliie of scientific 
inyestigation. but the great jjroblems of creation link all humanity 
together, and it may yet come to pass that when diplomacy fails— 
and it often comes jjorilously n(>ar failure — it will fall to the men of 
science and learning to pre-erve the peace of the world. 
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l!y Ci'Ki s Adleb. 


Samuel Picrpont Ijanpley, tl»e third secretary of the Smithsonian 
Institution, astronomer and jjhysicist. famed the world over for 
ejtoch-ma kina’ contrihntioiis to oiir knowledge of th(' sun and the 
estal)lishnieiit of the principles of aerial lliaht. passed away in his 
seventy-second year, at Aiken. S. ('.. on the ’iTth of February. 190tl. 

Mr. Eauo’ley was descended of families which came to Jlassachu- 
setts in th(‘ early lairt of tiie sevcmteimth century, and to a jrreat extent 
remained in the colony and even in the State itself. In a l)iojrraphy 
prepared hv the late ( reorye Prown Goode eleven years ayo. it was 
2 )oiuted out that an uniisnal nuinher of his ancestors were skilled 
mechanics and artisans. Avhile on the other hand a ^ronp of them 
were of the most intellectual men of early Xew Eng’land — clergymen, 
schoolmasters, and indeed one of them. Increase Mather, a jn'esident 
of Harvard Gollege and the author of the first -American work on 
astronomy. 

His immediate forhears were esjx'cially characterized hy great physi- 
cal and intellectual vigor, wide cultivation, and a staunch sense of 
duty: and if to these distinguishing charactei’istics of a long line of 
ancestors there ho added mechanical skill, high moi’al ideals, and a 
ri'stless. all-consuming pursuit of new truth, in season and out of 
season, by skillful methods, upon original lines, we have a picture of 
the iutcdlectual and moral make-up of the man whose life I am now 
attempting, inadetiuately. to portray. 

He heguihal the ti'diiim of his last illness hy Ix'ginning the 2 )rej)ara- 
tion of his memoirs, which I have been jjermitted to see. They are 
.’■() fragmentary that they can lu'ver be [)id)lish(‘d. hut from them I 
have Ix'en able to learn a few incidents of his early life cvliich it is 
not improjx'r to recite. 

He was horn on tin' ri2d of August. 18d4. in Vernon street, Kox- 
hury, to Samuel Langley and Mary 'Williams; attended various ^tri- 
\ate -chools. and later entered the Boston High .'School. His ediica- 

Ite;nt itefoi’e the l*liiloso])Iiieal Society of W.asliiuaton. Xovenii^er 24. 
Iteiii'iiited from Bulletin of tlie Society. Vol. XV, [iii. l-L’U. 
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tioii was of the type then prevalent, and mnch of his time was devoted 
to Latin grammar. On the moral side, the two strongest impres'^ions 
which he recollected of this period were Ireing taught, a horror of 
debt and, through it, a sense of duty, and these two traits were firmly 
present to the last. 

Yet another fact taken from these very interestingly written pages 
shows that his father, himself a wholesah' merchant in Boston, pos- 
i.;yssed a telescope Avith which the small boy watched the building of 
Bunker Hill monument. 

As a (liild he avU'- an omnivorous reader, had a retlectiA’e mind, an 
int(‘rest in art and in fonugii lands, and a very strong bent toward 
niatheniatics, all of Avhich greAv to importance in later life. Not 
being siuit to collegA' his choice of a [irofession fell upon ciA'il engi- 
neering and architecture. AA'hich were ])rimarily chosen because they 
Avoiild atford a livelihood and at the saine time keep him near to 
several of the studies that interested him most. 

In IS.")! he Avent to the lYest. and spent the next seven years mainly 
in Chicago and .St. Isolds, engaged in the [iractice of his profession 
and in biisiiu'ss. acquiring a mercantile training and skill as a drafts- 
iiian AA’Iiich were of liigli iiiiportaiice in his later scientilic and admin- 
istrative career. 

In ISCiI he deliiiitely abandoned hi" jirofession and ri'tnrned to 
NeAV Kngland. spending some time Avith his brother. John IVilliams 
Langley, in building a telescope, and the brothers afterwards had a 
year or more of Euro[iean trawl. A'isiting art galleries and obsi'rva- 
tories, and indeed all scientilic institutions. This European journey 
had anothi'i’ notable iiifliKUice in familiarizing him Avith tlu“ conti- 
nental languages, especially French, in Avhich he acquired great 
jiroficiency. 

Upon his return to Boston the then director of the HarA’ard Col- 
lege observatory. Prof. Jose])h Winlock. invite(l him to become an 
assistant in that observatory; and so at the ag(' of oO Avithout any 
previous piA'paration. but Avith an accurately trained eye and hand 
and expt'rience in observation, both in his native country and in 
Europe, at that time by no means usual, he was eiialtled to realize 
the dream of his early life and de\’ote hiniM'lf to scientific pursuits 
in that department Avhich had most strongly interested him. 

Ilis work Avith Professor AVinlock Avas (tf brief duration, though 
eA’fm after leaving Cambridge he continued the association Avith him 
for sonie time. The attachment formed then Avas a strong one. and 
he bore in grateful reniembranci* the man Avho had given him his 
first o[)portunity to realize* his early anil)itions. In after years. Avhen 
he cauK' to AA ashington, he chose as one of his principal assistants 
here a son of Joseph AA*inloek, AAJlliain CraAvford AATnlock, also an 
astronomer and for a number of years the secretary of this society. 
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and to the end of liis life lie held tlie'^e two men in atfeetionate 
niemorv. 

In IShC) he went to the United States Naval Academy at Anna- 
])olis, with the title of assistant jmifessor of mathematics, lint with 
the understanding that his duties would lie principally in the reor- 
iranization of the small observatory, whose work had been interrupted 
by the civil Avar. There he remounted and jAut into service the instru- 
ments and eqniiAped the olAservatory for jiractical and scientific work. 

His stay at Annapolis, though fruitful in this regard, was a brief 
one, for at the end of the same year he was called to the Western 
University of Pennsylvania, where he became professor of astronomt' 
and physics and director of the Allegheny ohsi'rvatorv. This posi- 
tion he held for twenty years, and here it was that he carried on 
scientitic laliors of such importance and originality as to have won the 
international scientilic ri'piitation and recognition which caused Pro- 
fessor Baird to invite him to the Sinitlisonian Institution as assistant 
secretary, and the Pegeiits to elect him later as its chii'f executive 
officer. 

His early years at Pittsburg wer<> spiait largely in securing the 
proper instrumental ('qiiipment for the oliservatory, Avhiili upon his 
arrit’a! was one only in name. It consisted of " a building in which 
was mounUal an (‘(piatorial telescope of hi inches aj)ei'turt“. bought by 
the university of a local (dul) of amateur astronomers. Besides this 
tlnu’e was no ap})aratus wliatever. not (‘veii a cIocIl and the e(piatorial 
itself was without the necessary accessories." 

This Avas Ijcfore the period of great emlowment for astronomical 
or. indeed, other scientific research in America, and the grcAup of men 
Avhose wealth has since enriched Pittsburg and many other ])laces in 
this country and elseAvhere AVtu-e Avith a single excejAtion either at 
the lAeginnings of their fortunes or Avithout jAcrception of the needs 
(if Science. It Avas imiicrati vely nect'ssary that money be secured for 
the jiurchase of ap]Aaratus if the Allegheny Observatory Avere to do 
jArojAcr Avork and its director ha\'e the opportunity of juirsuing his 
OAvn iiiA'cstigations. 

Many affairs of ordinary life, but moj-e ('specially the growth (.)f 
railroads, demanded that the caAinmon clock, upon Avhich eA’ery 
(lAveller of a civilized land depends, should be correct and that some 
plan be devised a\ hereby other than solar time should serA'e over con- 
siderable areas. 

Tentative (‘tforts in this direction had been made by the (ireeiiAvich 
t fbservatory. by the NaA'al ( Ibseiwatory, by IlarAuml College, at 
Albany, at Brussels, and at otlu'r places, but nowhere svsteniatically 
lUAr upon any really ])ractical or useful ])hui. To the needs of the 
, Allegheny Observatory and the fruitful mind of IMr. I,iangley aag oAve 
(h(' establishment of the time service, and its outgroAvth, the stand- 
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ui'dizatioii (if tliiR’ iu Ihc I iiiti'd State's and in other countries, and 
tliroufi-h its tinancial rc'tnrns the instrumental equipment of Alle- 
ghenv Observatory was rendered ]iossihle. and likewise the great 
discoveries in astrophysics hy its director. 

At the age of d.l, in Mr. Tjangley published his first two 

papers, the very first being a report of two pages on the observation of 
the total eclijise of August T, ISli'.), at Oakland. Ky.. and the second, 
“ a pi'oposal * * for ivgulating from this obseiwatory the 

clocks of the I'ennsylvania Oenli-al and other railroads associated 
with it." 

IVheu we rt'call tlie intolerahli' inconvenience which attaclu'd to the 
changing of time in every 40 or •"lO miles of travel, and the empirical 
method by which clocks and watches were set. resulting in annoyance, 
confusion, delay, and disappointment, these early laliors of Mr. laings 
ley. resulting in our standard time system and in the almost universal 
regulation of juihlic clocks through electrical signals from observa- 
tories. must he counted, if not an important adtance in knowledge, a 
really great contrilmtion to the convenience, comfort, and welfare of 
mankind. 

M’hile these practical efforts to secure a fund for the e(|uipment of 
the observatory were maturing, Mr. 1 aingley had the ojiportunity of 
carrying on astronomical work tmder other ausjhces. In Isli!) he 
took charge of a coast survey party to observe tin' total eclipse of 
August 7 of that year at Oakland. Ky.. resulting in the brief jiaper 
above reterr(‘d to. and in Isfi) he a<;companied a (Jovernment eclipse 
expedition to Jeiv/. de la Frontera. which Avas under the general direc- 
tion of I’rof. Joseph A'inlock. and included on its staff besides Mr. 
Langley. Professors Loung and I’ickering, both of whom have since 
become among tlu' foremost of .\nu‘rican astronomers. 

He had meaUAvliile not lost his interest in the time service, the meth- 
ods of Athicli he described in an article in the Amei'ican Journal of 
Science in ISi;;. proposing, in addition to transmitting time to rail- 
roads, to siipjily it to Avatchmak(‘rs and jeweh'rs mid to citie.s in 
general for their ]uiblic clocks. 

-Vlmo't ti'om the beginning of his astronomical work hi' had 
devoted his attention to the sun. his investigations being chietlv 
astro[)hysicaI in character, and among his earlier observations in 
this held were his sun-spot studies, carried on about iSfJ. From 
that time on until is.so lie Avas engaged in minute' telescopic studv 
and drawing the details of the surface of the sun. and especiallv of 
sun spots. Photography had not liegiin to be used for such pur- 
poses. mul his ^kill mid accuracy in making draAvings of observations 
of these iihenomeiia were particularly valuaiile. Indeed, it is de- 
clared by astrophysicists that lih suii-spot draAvings made at Alle- 
gheny prior to IS if) are even yet to be regarded as the best recorded 
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evidence of their structure. I learn from Mr. Abbot, of the astro- 
pbysical observatory, that Prof. G. E. Hale, who has enjoyed the 
choicest opportunities for examining the sun, both with the -tO-inch 
reflector of the Yerkes observatory and with the horizontal telescope 
on Mount IVilson, and also during various expeditions to high moun- 
tain peaks, says that in the best views of sun spots he has ever had 
the better they were seen the more nearly have thej' appeared as 
shown in Langley's drawings.” In spite of this great power of 
direct personal observation, he was (piick to appreciate and to employ 
the aids which jfliotography lends to this research, though it should 
be said that the standard illustration of a sun spot which appears 
in most of the te.xt-books and works on astronomy of the present 
time is one drawn by iMr. Langley with his own hand at Allegheny 
in December. 1875. The following statement of his continued work 
in this held during his Allegheny period was preitared recently for 
publication in a general encyclopedia, and, having had the advantage 
of his own revision, it is taken as an authoritative statement of his 
researches : 

Alxiiit 1ST.") he l)e.tMii to devote iiincli attention to the nieasurenient of the 
heat siiectra of tin- sun and otlier source's of radiation. Convinced after long 
e.vperience witll the tliernioi)il(‘ of the futility of attempting to discriminate 
the effects of narrow i)ortions of tlie siiectruiu l)y means of any heat-measuring 
api)ar!itus tlien emiilioed, lie souglit to devise something more satisfaidor.v, and 
in 187!) and Isso was siu-cessful in tlie invention of the bolometer. This 
instrument has found higli favor for a wide range of e.xiierimental work, but 
in his hands it has lieen used from 1.880 to the present time to open up a 
great new field of investi.gation in connection with the invisible long wave- 
length rays proceeding from all iieated bodies and to changi' many of tlu> older 
ideas concerning them. 

The more important of his many researches publislied during this period were 
upon the energy spectrum of tlie sun. the transmission of the earth's atmos- 
phere and the solar constant, the behavior of prisms toward long wave-length 
radiators, the energy siiectra of lu-ab'd terrestri:)! bodies, and the energy 
sijcctrnm of the moon, the moon's heat hitherto having been recognized with 
difficulty even in gross by the tliermopile, but now, by the bolometer, being 
analyzed in minute detail in a lunar heat spectrum, ilore recently a com- 
parison of the proportions of luminous and nonluminous heat in the spectra of 
the sun and artificial light sources wilh the corresponding proportions of the 
light and heat in the radiations emitted by the glowworm gave important 
economical results. 

In ISSl. previous observations at Allegheny having led him to believe that 
there was a great and then unappreciated selective absorption both in the 
sun's and in tiie earth's atmosphere, which rendered in the latter case Pouillefs 
methods inapplicable, and which when recognized tended to give a far larger 
valut' to tile solar i-onstant, he. with the aid of the (Jovcnmient. organized an 
expedition to the top of Mount t^'hitney. the loftiest mountain in southwestern 
California, whose alirupt precipices pi'vmitted observations to be made from 
two neighboring stations, yet witll a distance of more than 1* miles of altitude 
between them. These observations were published by the United States Gov- 
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fninient in a volume entitled " Pri>fessioiml Papers of the Sig:iial Service, No. 
XV. Researches on Solar Heat and its Ahsorpth.n by the Earth’s Atmosphere." 
Perhaps the most important result ot the expedition was the entire change in 
the hitherto accepted value of the solar constant, while incidentally these 
and others carried on at Allegheny led to tile displacement of the old assump- 
tion in favor of the present view, namely, that the general absorption is largest 
as we approach the violet end of the siiectruin. 

By tS.s.A the solar siiectrum had l>t>en followed by him to wave lengths ten 
times as great as those of the visible spectrum, and radiations from terrestrial 
sources even farther, thus overthrowing the ideam previously held of a natural 
limit to the infra-rod wave lengtlis at about 1 g. His extended bolometric 
resean hes on the heat spectrum of the moon led him to ti.x the maximum lunar 
temperature at little above 0’ C. In his researches on these long wave-length 
spectra Mr. Langley developed the optical possibilities and determined the con- 
stants of rock salt, a substance already emi)loyed by Melloni, hut whose range 
of usefulness was now wu'y gi'eatly extended. 

But he (lid iiol coiifiiic liiiustdf (Uirinjr this time either to his labors 
in the oliservatory or to makinir their results known to scientific men 
through coulrihutions to societies and journals, lie had a decided 
opinion of the right of the world to know what scientific men were 
doing and a reuiarkahle gift of prttsenting such knowledge to the 
man of average intelligence. He occasionally delivered lecture.? in 
the city of I’ittslnirg, whicli were reported for oiu' or another of the 
Pittsburg papers, and wrote letters to the l^ittsbui'g Gazette when 
any unusual astronomical phciiomciioii wliich might be of public 
interest presented itself. By 1875 his reputation had grown to siicli 
an extent that he was invited to lecture at Stevcuis Institute, and his 
palmers, which had heretofoi'e been published only in American jour- 
nals, coimiieiiced to ap[)ear abroad in English and Italian periodicals 
and in the Tran.sactions of the Academy of Sciences of the In.stitnte 
of France: this, lie it noted, within five years from the date of his 
first liublication. 

The trend of his mind toward the populailzation of science may be 
judged from a pa 2 ier which ap 2 )earcd in the Po^nihir Science Monthly 
in 1S77, entitled "The fir-t itojudar scientific treatise,’’ in which he 
declared that "science is not for the professicmal .student only, but 
that (‘veryone will take an intere^-t in its results if they are only l^nt 
before the world in the right way.” The treatise was Fontenelle's 
" ('onversatious on tlu- ])lurality of worlds.” and the article, while 
holding strictly to its Mdyjccl. sh„wed something of that intimate 
knowledge of French history to which I shall allude later on. 

Th(‘ (piestion of the iHU'sonal error or [(crsonal (upiation. which has 
attract(ul s,, uiany astronomers, ulso had his attention, and he de- 
scribed ill a coinmunicaiion to the American Journal of Science in 
1877 a luachiue whereby this iiersoiial error could lie entirely elimi- 
nati'd. 

In ISiS he took charge of a party sent out by the United States to 



SAMUEL PIERPONT LANGLEY. 


521 


witness the total eclipse of that year from Pikes Peak, at an eleva- 
tion of 14,000 feet, and besides the scientific memoirs which resulted 
therefrom and thronjrh which he was able to follow the corona to a 
hitherto unsuspected distance from the sun ho wrote pleasant, chatty 
letters describing the more personal side of the work of the party. 

In the winter of 1878, during the course of a visit to Europe, he 
spent some time upon Mount Etna, and iirade observations there 
which resulted in the production of scientific papers and a very inter- 
esting article entitled “lYintering on Etna,” which was contributed 
to the Atlantic Monthly. 

In ISSl, through the generosity of the citizens of Pittsburg and 
with the cooperation of the United States Signal Service, he con- 
ducted an expedition to Mount Al'hitney, to which reference has 
already been made. 

Mr. Langley's general i-epntatiun shortly after this became greatly 
enhanced by a series of popular lectures delivered at the Lowell 
Institute and at the Peabody Institnt(‘ at Paltimore, afterwards pub- 
lished in the Century Magazine, and later still in the form of a 
hook, which has gone through siweral editions, under the title of The 
Xew Astronomy. The.''e lectures and this work set clearly before 
educated [jeople the results of his own labors and of others in that 
branch of astronomy which, dealing not with the questions of longi- 
tude and latitude, or tin' discovery of j)lani'ts, asteroids, or comets, or 
the other jjrohlems of the older astronomers, had to do with the 
l)hysics of the heavenly hodi(“s; the study through jtatient observa- 
tion and numerous ingenious ilevices of not the mere existence of the 
heavenly bodies, hut of their constitution. 

The spirit in which this work is written can he gleaned from its 
very bi'ief preface : 

“ I have written these pages,” lie says, " net for the professional reader, but 
witli tile liope of reaciiing a part of tliat edueated imlilic on wliose support lie 
is so often dependent tor the means of extending the lioinidaries of knowledge. 

■■ It is not gener.dly understood tliat among us not only tlie suiiport of the 
(iovernment. lint with seareely an exeeption every new private iienefaetion is 
devoted to • the old ‘ astronomy, wliieli is relatively munifieently endowed 
already; wliile tliat wliieli I have here ealled ' till' new.' so fruitful in results 
of interest and importance, struggles almost unaided. 

“We are all glad to know that Urania, wlio was in the beginning hnt a poor 
Chaldean shepherdess, has long since lieiome well-to-do. and dwells now in 
state. It is far less known than it should be that slie has a younger sister now 
among us. bearing ever.v mark of liiu’ lelesti.il birth, Imt all nneiidowial and 
portionless. It is for the reader's interest in the latter that this book is a plea." 

Of the scientific impurttuice of this liook and of the other work of 
Mr. Langley I am ntiturally dependent for my opinion upon others, 
l)ut I may he permitted to say that its literary character is unsur- 
passed — indeed, itroliably unequaled — by the scientific work of any 
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otlier ill Aiiiericii. uiul deserves to niiik among the popular scientific 
expositions of Dainvin. dVallace, Huxley, and Tyndall. 

Even prior to this Mr. Langley had been invited to lecture at the 
Eoyal Institution of Great Britain; his fame was growing and 
recognition was coming to him from many sources. 

In the autumn of 1880 Professor Baird, after a personal conference 
with Mr. Langley, wrote him imiuiring whether he would enter the 
service of the Smithsonian Institution as an assistant secretary in 
charge of foreign and domc'stic exclianges, including the international 
service, the library, and the jiublications, with the understanding that 
not more than half of his time should be given to the Institution and 
the remainder could, as Professor Baird said, be employed in "keep- 
ing up those original resiairches at Allegheny Lni\'ersity which have 
already secured for you so much distinction in the scientific world. 
The Smithsonian Institution does not tlcsire in any way to interrupt 
the progress of your in\estigations: on the contrary, it will be most 
happy to facilitate them as Far as lies in its jiower. with the hope, at 
some future day, of being able to give, in ITashington. facilities 
e([ual. or superior, to thosi' that you can lune elsewhere." The reply 
of IMr. Langley, a portion of which I (piote, throws an interesting 
side light u[K)u the character of the man utterly unsuspected by the 
world at large and known to oidy a few of his intimates — that is, a 
strong ci’aviug for real society, by which he nuaint intei'course with 
jieojile of diverse minds and know ledge, all of wdioni might give him 
that intellectual coinjianionsbij) for which he hungered. IMr. Lang- 
ley. on November 27. 18S(), wrote from Alleghenv to Professor Baird: 

I am (itilifjeU liy your ellii iai letter of the I’llil instant, invitiiij; nii' to accent 
the assistant seeretarysliin of the Smittisonian Institution, and by its kind 
allusion to those ndations of mine to physical science, which have iiilliienced 
you ill makim; the proposal. 

The opiiortnnity for usefulness in that clireetiou is a strom; motive to me 
for ae< eptanee. as I mentioned in the eonferene,' to which you refer: hut I 
find from your letter th.it I did not then make my actual position plain, as I 
intended to do. 'I’o ri'peat what 1 thmi imanit to say. I have no wish or amlii- 
tioii to tempt me from "iving most of luy time to physical investigation — at 
least now. while I enjoy e\ee|iiional fai ilities for this, together with a freedom 
which I could not expect in any subordinate position. 

ily iirofessional lile here is. through the kindness of those to whom I owe 
more than olliciai dut.\'. a very pleasant one. in most res[)eets. nor have I any 
occasion to leave the work of my preilileetion to increase my income. 

.\t the same time both my professional and domestic life here are exception- 
ally isolated, and I have lelt the need of some change which would bring with 
it, along with society, new oei-upation. if that could be of a kind not wholly 
ilissociati'd from m.\' accustomed pursuits. 

His loneliness in the Allegheny obsei'viitorv can he well imagined. 
Pittsbuig of that day was largtdy engaged in adding to the wealth 
of the State tif Pminsyl vania. and. indeed, of the entire country, and 
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this astronomer and physicist, student of art and literature, philo^o^ 
pher and dreamer, rvas there alino.st as isolated as though upon the 
top of a lonely peak. He told me once that he attended the meet- 
ings of the medical society of the citj' of Pittsburg in order that he 
might have contact with professional and scientihc men, and that he 
walked down and toiled up Observatory hill once a week to spend 
Sunday evening in a room back of a drug store, in which four or five 
men would assemble to discuss the great things of the mind and the 
scientific problems of the day. It was a revelation to me, as I assume 
it will be to others, to learn from the letter of Mr. Langley quoted 
above, that it was i)rincipally the desire to associate with others of 
his kind, and not ambition or o])port unities for work, which brought 
him to ^^hlshingt(JU. 

On January 12, 18iS7, Mr. Langley was appointed assistant secre- 
tary of the Smith.^oiiian Institution. Iii .Vugust of the same year 
Professor Baird died, and in November Mr. Langley was elected 
Secretary l)V the Boaid of Kegcnts. During his brief term as 
Assistant Secretary he had given much thought to the departments 
with which lu* was especially charged, the exchange service, the 
library, and the pul)lications, and in these imijortant agencies he 
retained a deep interest. The exchanges he regarded as om* of the 
principal means for carrying out the terms of Smithson's bequest 
“ for the ditl'usion of knowledge' among men," and to the jtublications 
he gave an ever-increasing amount of thought, esjiecially those 
which could be. to Use his term, " umlerstanded of the jjeople," de- 
veloping the Smithsonian Keport to such a point that to-day it 
appeals to every man of ordinary education and intelligence, and is in 
many places, where books and libraries are inaccessible, the sole and 
yet the entirely satisfactory means of keejjing people abreast of the 
scientific advancement of the world. 

The hope held out in the letter of Professor Baird that some oppor- 
tunity would be afforded here for the continuance of Mr. Langley's 
original researches was made good, first through the generosity of the 
late Jerome H. Kidder and Alexander Graham Bell and later 
through appropriations by Congress for the establishment of an 
astroj^hysical obsei’vatory under the direction of the Smithsonian 
Institution. This observatory, housed in a modest frame structure 
on the Snuthsonian grounds and entailing an annual cost upon the 
Government of a very inconsiderable sum. made it possible for ilr. 
Langley not only to continue his researches, but to reach new and 
even more valuable results than had been obtained heretofore. 

It is due to his initiative and energy that the people of this countrv 
have the National Zoological Park. lie specialized in astronomy, 
but his interest in nature was not confined to it. He had an eager 
curiosity about animal life and a great love for natural scenes, and 
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SO it ft'll to him, the* astronomer, to move sueeetssfiilly in the estalilish- 
ing of the park, which, besides having high scientific possibilities for 
nscfnlness and instruction, is one of the great pleasure grounds of the 
peo|)le who live in this caintal and to those hundreds of thousands 
of American citizens who annnally make a pilgrimage to it. 

Shortly after Mr. Langley’s acco.ssion to the secretaryship, and 
aside from his work in the e.stablishment of the observatory, he 
strongly desired to create a new activity for the Smithsonian Institu- 
tion. and his first choice would hare been that of extending its scope 
in the direction of the fine arts. But the time was not then ripe. He 
met opposition and foresaw in.superable difliodties. and so he reluc- 
tantly abandoned this field and put his persevering energy into the 
other just mentiom>d, the establishment of the i)ark. But he always 
had the feeling that the Smithsonian Institution should act for the 
nation in the matter of art. He caused to be colh'Cted such art 
objects as belonged to it and were deposited elsewhere, and reim- 
planted. as it were, the idea of the line arts in the Institution by 
setting aside a room in the Smithsonian building which should be 
devoted to these collections. His death came at a tinu' when the 
i'(>alization of this idea of his was about to have fruition. 

He had for many years been in the liabit of going annuallv to 
Eurojie, and this personal contact with the s<-ientific men of Lngland 
and of the Continent and the reputation that hi-. res(‘arches had 
l)rought to him and to the Institution, and his increased zeal in 
pushing forwanl the exchange service, led to a great enhancement 
of the international reputation of tin' Institution. 

It was my rare good fortune to accompany iMr. Langley upon two 
of his Etiropean trips — first in l.'s!)! and again in is'.is. Upon the 
first occasion I heard him read before the physical and astronomical 
sections of the British Association for the Advancement of .Science 
a paper describing Ids work on the infra-red s])ectrum. The meeting 
was held at Oxford, and the hall, holding some 2.a() persons, was 
crowded. He spoke very simply and without notes, describing the 
apparatus that he had devised and brought together and the results 
that had been attained: and so vivid was his statement and so 
forceful that at the conclusion of his remarks the supposedly stolid 
Englishmen who com]iosed the audience arose almost in a bodv 
and t'heei'ed. At a meeting’ of the physical section on the same occa- 
sion he discussed the future of aerial navigation. The session was 
held under tlu' chairmanship of the late lau’d Salisl)urv, ]>rcmier of 
(treat Britain, and that year president of the association, and the 
discussion that followed was jiarticipated in by Lord Kelvin. Lord 
Rayleigh, and Sir Hiram Alaxim, none of whom dissented from the 
views which Mr. Langley expressed. 
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Xone regretted more keenly than he that of the many great bene- 
factions which came to American science few, if any, found their 
^yay to the funds of the Smithsonian Institution; so that relatiyely 
the activities of the Institution proper were not increased in the United 
States commensurate with the growth of other scientific organiza- 
tions, though it should be said that after the original foundation 
the only important addition to the Smithsonian funds, that received 
from Thomas G. Hodgkins, came during the administration of iSIr. 
lai ngley. 

Among his many notable addresses was that delivered in ISSb, as 
the retiring president of the American Association for the Advance- 
ment of Science, under the title of "A history of a doctrine," this 
doctrine being the \iews conceiiiiiig radiant energy. The address 
is a charming one in every respect — as an historical investigation, as 
a summing up of I'esults obtained, as a literary document, and as a 
prophecy. Some of the plira.ses are worthy of a great ])hilosophic 
mind. '■ IVe Inne i)erha[)s .seen," lie declared, "that the history of 
tlie [ii'ogri'ss of this (.lepartment of science is little else than a chapter 
in that larger history of human error which is still to be written."’ 
And yet thei'(> is no pessimistic note in it, for he asks the (piestion, 
"Shall we say that (he knowledge of truth is not advancing and 
he rei^lies to this query. " It is advancing, aiul never so fast as to-day; 
but the steps of its ad\ance are set on pa.st errors, and the new truths 
become such stepping-stones in turn." 

To this same time belong oilier papers of great general interest, 
notably that on " The observation of sudden phenomena," which will 
ha\ e a certain value even for the [ihysiological psychologist, although 
designed for the astronomer primarily and containing descriptions 
of the jier.sonal-error machine invented by Mr. Langley; and also 
another patter on " The cheattest form of light,'" this study being 
based upon an examination of the radiation of the firefly, and show- 
ing that it is jiossible to ju’oduce light without heat other than the 
light itself, and that this is actually effected now by nature's processes. 

I am brought, however, to another field of scientific work in 
which Mr. Langley engaged and with which his name has been 
identified during fhe past fifteen years, the subject popularly known 
as flying machines, and which he denominated aerodynamics. Mr. 
Langley came before the .scientific world and the public generally 
on this subject first in a very brief communication to the Academy 
of Sciences of the Institute of France, in July, 1890 ; second, by the 
jmblication of an extended memoir in the Smithsonian Contribu- 
tions to Knowledge, and third, through a brief popular article on the 
possibility of mechanical flight, in the Century Magazine. I alluded 
above to one of the group of what would now be called ‘‘ captains of 
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industry " in Pittsburg, who had sympathized with iNIr. Langley and 
liis work and had aided him in its prosecution. The name of this man, 
William Thaw, was commemorated in the preface to " Experiments in 
aerodynamics" in the following phrase; “If there prove to be any- 
thing of permanent value in these investigations. I desire that they 
may be rememl^ered in connection with the name of the late II illiain 
Tliaw. whose g(‘nei'osity ])rovided llie principal means foi’ them, 
though it should be said that Hr. ThawV aid in this direction was 
not to be measured alone l)y money contribution to the experiments, 
for it meant much at that time that as eminently a practical man as 
he should have believed in what was then considei’ed a wild idea, and 
have supported a scientific man in it both In' money and by moral 
encouragement. This niemoii. "Experiments in aerodynamics," was 
at once r(‘jnd)lished in fidl in French and attracted widespread atten- 
tion. Hr. Langley persevered in the study, ami in Isl);] he issued 
a ■-econd memoir, "The internal work of the wind." I'his also 
a[)pcared in English and French, and was designed to prove that 
aiu'ial llight had an aid. desci-ibe<l as the potentiality in the internal 
work of the wind, which would be of gi’eat moment in the jiractical 
solution of the problem. 

But the painstaking exi)erimonts with tlu' whirling table and with 
other forms of apparatus devised by Hr. Langley for the study of the 
question of aerial na\'igation did not cont(‘nt him. and although not 
himself a mechanical engineer, and with very inferior appliances, 
he took up the building of a machiiu' drivtm by a steam engine, Avhich 
he hojied would 2:)ractically demonstrate the jiossibility of mechanical 
flight. There were innimKU'ahle mechanical dilliculties in its con- 
struction and also in its launching, and. after failures which Avould 
have disheartened an oi'dinarv man, success came in the spring of 
ISDCi when a -team-di'iven aerodoine. consti'ucted under Hr. Langley’s 
direction in hi- own shop'-, engine and all. actually flew for fhree- 
([uarters of a mile or more over the Fotoniac Riv(‘r. This i-(‘mark- 
able succe-^s had world-vide recognition. It was communicated to 
learned bodies, was tin* talk of the news])apers. and in a specially 
written aiticle in HcClure’s Hagazine Hr. Langlev himself destalbed 
this trial and how he cana' to enter upon the subject. From his own 
words we learn that this was a ]n-oblem with him from childhood 
days; that he used to lie in a New England ]>asture and watch the 
hawks soaring far up in tlu' blue, and sailing for a long time without 
any motion of their wings, and this (piestion he thought of in mature 
life and sat himself to in(|uire whether the ])roblem of artificial flight 
was as hopeless and as absurd as it was thought to he. " Xature,” 
he says, "has solved it. ainl why not man! " And with this rpiestion 
he described the ('xperiments with the whirling table down to the 
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actual flight. As was his wont, he discussed the attempts of those 
who came before liim. and in simple language explained the theory 
upon which mechanical flight would be po.N^ible. This article, printed 
in 1897. closed with the following paragraph ; 

I have thus far had only a purely seientilie interest iu the results of these 
labors. I’erh.aps if it could have been foreseen at the outset how much labor 
there was to be. how much of life would be given to it. and how much care. I 
might have hesit.ated to enter upon it at all. And now rtnv.ard must be looked 
for. if reward there be, iu the knowledge that I have done the liest I could in 
a diliicult t.-isk, witli i-esults which it ni.iy l«‘ lio|ied will in- useful to others. I 
have brought to a close the portion of tlie work which seemed to Iie specially 
mine — the demonstration <jf the |iracticaliility of ine<-hanical flight — and for the 
uext stage, which is the commercial and practical development of the idea, it 
is prol)al>le that the world nniy look to otliers. Tlie world. Indeed, will be 
supine if it do not realize that a new possiliility has come to it, and that the 
great universal highway overhe.ad is now soon to be opened. 

Immediately after the succe.ss of these experiments and shortly 
before the article was written. Mr. Langley passed through a most 
depressing period of his ofKcitil and pt'r-'onal life, and his feelings 
then were no doubt reflected iu its closing words. In the month of 
kseptt'inlter, 1899. his two principal tissoeintes in tlie Smithsonian 
Institution. Leorge Itroun (ioode. ti distinguished naturalist, vyho 
was in charge of the Miiseiiin. and AVilliam Crttwford IVinlock. 
idready alluded to, Inid prenniturely jiassed ttway. tuid their loss was 
a serious blow to iMr. Langley, wliose friendships were deep ones. 
Of both these men he wrote memoir. — in fact, of Mr. (xoode two. 
the longer of which, jtresented to the National Academy of Sciences, 
is at once a discriminating and affectionate tribute to a great man and 
a dear friend. 

For the next few* years iMr. laingley's time was not ,^o proiluctiyo; 
his physical health was good. Imt the seyere strain of his scientific 
labors and his persomil losses tended to a depreN^iotl of sjiirits which 
caused him to shrink from new work. In spite of his almost defi- 
nitely aimottnced int('ntion no longer to <-arry oti the work in flying 
machines, he was led in 1S9S, through circumstances not clearly 
known, but whii'h had to do to a certain extent with the Spanish- 
American war. to take up the bnihliug of a flying machine large 
enough to carry a man. this work being undertaken iindei' the Board 
of ()rdnanc(> and Fortification of the (’niled States Army, and with 
an allotment made by that board for the purpose. He had mean- 
while. after a little lapse of time, renewaal his astrophvsical work, 
which, through the improyement of the instruments he had invented, 
jiroduced luwv and valuable results. The bolometer Avas brought to 
a greater degree of refinement than had ever been attained. The 
researches of the Astrophysical Observatory had ])rogressed to such 
a point as to justify the publication of a remarkable volume of 
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annals; and an expedition made by him, to observe the solar eclipse 
of 1900, at Wadesboro. X. C., vas signally successful. 

A half dozen or more pajxms illustrating the various advances made 
in the study of the spectrum were also issued about this time. The 
l)uilding of the large ath'odrome and of models to aid in its construc- 
tion Avas rapidly being pushed ahead. Since the successful flight of 
the lirst atu'odrome in 1S9(> a further possibility of increased power 
with comparatiAe lightia-'s had come with the emj>loyinent of the gas 
engine, and this was experimented upon with a view to determining 
its feasibility for flu' ])urp(H(‘. 

In the midst of these labors, either of them enough to engro.ss the 
thought of an ordinary man. carried along as they were in addition 
to the luanagement of the Institution and its correspondence and the 
interviews and the appearances before committees which this work 
entailed — in the very midst. I say. f)f tliese lal)ors there a|)peared an 
article, of all places, in the .^saint Xifdmlas -Magazine, describing the 
Children's Tvoom of the Smithsonian prefaced by a h'tter writt(ni by 
Mr. Langley himself, in wliich he appears as the attorney for the chil- 
drtm and pleads tlieir caux* with a grown-up IMuseum man. and 
almost at the same time he wrote a curious and interesting paper 
describing tlie tire-walk ceremony in Tahiti, where Mr. Langley spent 
part of the summer of 1901. and where he hoped to tind a miracle, 
but witness('(l instead an interesting ceremony, which, almost to his 
own regret, he was able to explain by natural law. 

A brief popular account of the subsequent experiments with the 
Langley aih'odrome was publidied in 190."). an extended memoir on 
the subject being yet unpublished, though left in such .shape as to 
render its jjublication certain. He describes in the briefer paper the 
attemi)t made to purchase a suitable engine or to secure its building 
by contract (dsewhere; the acceidance (M' such a contract by a mechan- 
ical engineer, and the failure, after two years, to deliver the engine in 
accordance with agi’cement: the conse(|uent necessity of building it at 
the Institution: the innumerable details of construction that had to 
he considered, and. finally, the trials, first of the test models, which 
proved successful. Tw ice, on the Tth of October. 1903. and again on 
the Sth of December of the same year, attempts were jiiade to launch 
the large machine, and in both cases, according to the observation of 
numerous reliable engineers, members of the Board of Ordnance, and 
others, it was the launching that proved a failure, and the words of 
Mr. Langley, in closing this statement, seemed to be justified; “ Fail- 
ure in the aerodrome its(>lf. he declared, or its engines there has 
been none; and it is believed that it is at the moment of success, and 
when the engineering jiroblems have been solved, that a lack of means 
has prevented a continuance of the work.'’ 
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There can be no doubt but that this failure to launch the big 
machine was a serious blow to Mr. Langley. Not so much the failure 
itself, for he was a jjhilosopher and a scientific man who knew that 
success came only after repeated defeat. Had it meant unsuccessful 
experiment in his laboratory or shop it would have daunted him not 
in the least. It was necessary to make these experiments in the open 
air before the eyes of the world, while his arrangements with the 
Board of Ordnance and Fortification rendered it imperative that the 
details of the construction should not be made public. The news- 
paper press of the country, misunderstanding his motives and angered 
possibly at the large exirense connected with maintaining special cor- 
respondents at an inconvenient place on the Potomac Kiver, united in 
a chorus of ridicule and attack, which in time made itself felt in the 
Xational Legislature. At his years — for he was then nearly TO — the 
attitude assumed by the public press broke his spirit at this, the first, 
indeed, the only, defeat in his career. 

The lack of means of which he speaks was only a lack of funds 
from the source from which he thought he was entitled to obtain it. 
One or more private indi\iduals ofi'ered him the opportunity to 
continue. Several years before he had been offered a considerable 
sum for this work if he would but place it upon some commercial 
basi.s and take out patents on such portions of the machinery as 
were patentable in order that commercial reward might come to 
the persons furnishing the money, but he .steadfastly refused either to 
secure a patent or to accept money from private persons. He 
declared that this work was solely in the interest of the Xation, and 
if the Nation was not itrepared to support it he was not willing to 
proceed with it. As far as I can learn, he never wavered in his 
belief that success would result from his work. Aerial navigation 
was. in his oi^inion, sure to come, and the very inachine which was 
declared by the public press to have been wrecked beyond hope he 
had repaired in absolute condition for another trial. 

It is a gratification to be able to record that the last jtaper that he 
ever read was a series of resolutions adopted by the Aero Club, at 
New lork City, expressing appreciation of his work in behalf of 
aerial navigation and confidence in the directions which it had taken, 
and any reader of the current magazines or the daily press can see for 
himself that, in spite of critici.-iju and ridicule, the principles which 
he discovered are more and more gaining recognition. The future 
of aerial navigation lies not in the direction of the balloon, which 
is being abandoned even by its most ardent votaries, but in that of the 
aeroplane: and whatever form this may take or whatever modifica- 
tions may be made as the result of experiment, the laws of aerody- 
namics will be the laws which Mr. Langley discovered, and the 
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iieroplaiiL' or other form of machine heavier than the air will be 
based upon the models which he made and which actually flew. 

The tributes in recognition of his work are almost too numerous 
to recite. He received the degree of D. C. L. from Oxford. H. Sc. 
from Cambridge, and, among numerous others, the degree of LL. D. 
from the universities of Harvard, Princeton, iNIichigan, and Wiscon- 
sin. He was awarded the Henry Draper medal by the National 
Academy of Sciences, the Rnmford medal by the Royal Society of 
London, and the Rnmford medal by the American Academy of Arts 
and Sciences, as well as the Janssen medal from the Institute of 
France, and the medal of the Astronomical Society of France. He 
Avas a foreign member of the Royal Society of London, a correspond- 
ent of the Institute of France, a fellow of the Royal Astronomical 
Society of London, member of the Royal Institution of London, 
member of the Academia dei Lincei, of Rome, of the National Acad- 
emy of .Sciences, and of many others. 

Mr. Langley, although a member of very many scientific and other 
societies, Avas not a regular attendant at any of them. He systemat- 
ically a\ oided holding any office in any society, the only exceptions 
that I knoAv of being his pre.sidency of the American Association for 
the Advancement of Science, his acceptance of the vice-presidency for 
a brief time of the American Philo.sophical Society, and membership 
in the council of the National Academy of Sciences. It Avas not that 
he failed to I'ccognize the importance of scientific societies, but rather 
that he felt confident that others could attend to their management, 
and that his time must be guarded for his official tluties and for his 
scientific Avork. 

Among the many societies to Avhich he belonged he had an especial 
artection for this philosophical society. He Avas elected to member- 
ship in it in 1S8T. the year in Avhich he came to Washington, and 
Avith hardly any exception read before it the scientific papers that he 
presented in this city. Many of you aaHI probabL' remember his 
various papers on the infra-red spectrum and that on mechanical 
flight, and I may be permitted to say in passing that no noA’ice eA^er 
prepared a pajicr or lecture more carefully than he did. for Avhile he 
alAvays spoke Avith great directness and simplicity and clearness, ap- 
parently Avithout ertort and usually Avithout notes, his communica- 
tions AAeri' alAA’avs AA'ritten carefully in ad\'ance. cA^ery slide' gone oA^er, 
and an actual rehearsal made, and this method Avas one that he ear- 
ned into his scientific AAork as aa'cH. I remember that before going 
on the eclip-e expedition to M adesboro there AA as a rehearsal almost 
daily for a pi'riod of nearly three months on both his oavu part and 
that of (>very other person in the party as to the duties AA’hich each 
oiu> would be ('xpected to perform during the verv fcAV moments Avlien 
the phenomenon Avas observable. 
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One would imtiii’idly siqipose that what has jroiie before at least 
fully described a single man ; indeed, it relates enough to fill the life- 
time of two or three men; yet it lyv no means adequately goes to make 
the full picture. I have alluded above to his having been an omniv- 
orous reader, but this is too general an ex 2 n'ession to give any idea of 
the extent of his literary cidtivation. He knew the German classics, 
but had, like many men of his generation, an especial fondness for 
Heinrich Heine. It is not too much to say that he knew everything 
good in English, though he had some special interests and had become 
an ardent Borrovian. He })ersonallv owned a considerable selection 
of the original mannscriid of George Borrow, and aided in the prei:)- 
aration of the Life of Borrow, by Knapp, visiting him at Oxford and 
furnidiing suggestions and information for this interesting work. 
The history of England and, even more, the history of France en- 
gaged his attention. He was at one period of his life an ardent 
admirer of Thomas Carlyle, whose iwrsonal acquaintance he enjoyed, 
and it is not inqiossible that from him he acquired a sort of method 
of hi.'torical reading, for he looked to men rather than to documents 
of the j)eriods as furnishing the keynotes for the })rogress of nations. 
Leonardo da Vinci, and Cromwell, and Frederick the Great, and 
Louis XIV, and Xaiioleon, and Lincoln were some of the men about 
whom he had read eveiq thing available to the student, and he had 
gone dee^jly into the memoirs of their respective i)eriods. more esjDe- 
eially, however, the Friuich memoirs, with wliicli he had an acquaint- 
ance that might have been envied by a profe.^sional historical student. 
He was esjx'cially interested in the 2 )roblems of the soul, and studied 
the metaphysicians and the modern psychologists, and was himself 
iissociated with societies for psychical research, and 2 )ersonally en- 
gaged in the examination of spirit mediums, though never with satis- 
faction to this keen observer. He knocked hard and loud at the door 
which leads to knowledge of the soul, for it .seemed to have been one 
of the necessities of tliis great mind that it should attenpjt all the 
difficult 2 )roblems which were otlV'red to human observation or curi- 
osity. He loved to talk with men possessed of positive religious 
views iq:)on their own l)eliefs, and had a deej) interest in a Jesuit, or 
a Jew. or a Buddhist, or a Mohammedan, or, indeed, any man who 
thought he had secured the truth and knew the way of life in this 
world and the world to come. His i)ai)er on “ The laws of nature 
is a very significant contribution from this j^oint of view. 

He was jn'obably less understood u])on his personal side than anv 
other. IVhen I came here to live in 189:1 I remember that Mr. 
Goode said to me once that Mr. Langley was a very I’eserved man 
and a very lonely one, and that though it might be difficult to gain 
his friendshii:) the etl'ort was well worth the making. I do not know 
that I did make a conscious etl’ort. In my then 2 :>osition as librarian 
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I fiiiiR' into official contact with him hecaiiHO of his very irreat interest 
in and constant demand for books of every nature. By chance I 
found that he was a collector of translations of the Arabian A ights 
and had read all the editions in English and French availalde. I 
lia2)pened to tell him of my own interest in the snl)ject and the fact 
tliat as a student I had read portions of the Arabian A’ights in the 
original. There then began a closer acquaintanceshijj which, I am 
proud to say. resulted in a friendship which has been to me one of 
the most profoundly valuable and touching experiences of my life, 
lie was a very shy man and greatly feared that he might obtrude 
himself upon others or that an advance that he might make would 
prove unwelcome. lie was also, like some otlier mathematicians and 
astronomers, at times very much abstracted and with a iiainfiilly bad 
memory for names, or, rather, an inability to associate faces and 
names — a difficulty which he told me had nothing to do with his 
scientific studies, but was inherited and belonged to his father, wdio 
was a merchant. This difficulty he attempted to hide as far as 
possible, producing upon the average man the conviction that he was 
dealing with a very haughty and distant individual — a deduction 
which was very far from the truth. 

Living here without family ties, coming in his fifty-third year, 
almost after the ])eriod when men make close friendships, his hunger 
for real friendship and affection was pathetic. INIost of the men Avith 
Avhom he came into contact Avere of another generation, and it Avas a 
genuine reA’elation to see him, as I sometimes did, Avith a friend of his 
youth, a man of his oavu age Avhom he had knoAvn for many years. 
He was a most rigidly truthful man — not truthful in any ordinary 
sense, but in that extraordinary I’uritan, Ahov England sense, Avhich 
did not even permit him to subscribe himself as being “ A’ery sincerely, 
yours." if he Avas not. 

T luiA-e alluded aboAc to the fact that he himself ascribed his inter- 
est in aerial navigation to a childish Avonder as to hoAV the great 
heavy birds Avhich he used to Avateh in a A'cav England pasture could 
ffy and inamtain themselA'es in the air, and in another jAlace he has 
told us that his Avork on the sun also greAv out of a childish intere.st 
in this great center of our system upon Avhieh life on this planet 
deptunls. I think that these tAA’o ideas of his AA'cre not fancies, but 
that it Avas a fact that in his case es])ecially the child Avas father to 
the man. One of his favorite quotations Avas the initial stanzas of 
the poem of 'WordsAvorth : 

AA'lio is the linupy warrior? Who Is he 
Thiit every man in arms sliould wish to lie? 

It is the L'enerous spirit, who, when lirou-ht 
.Ammif; tile tasks of real life, hath wronsht 
L'lwn the plan that pleased his boyish thought. 
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But this memorial, inadequate as it may be, must draw to a close. 
I have been able to faintly trace the lines of a great mind and a great 
soul, one that left a powerful impress upon the knowledge and think- 
ing of the countiy in which he was born and the time in which he 
lived, and his name and his fame are Itound to he handed down 
through all posterity. Yet he valued these labors and the results 
which sprung from them but little when compared with the affection 
of his kin and of his friends — affections not many in number nor 
easily obtained, for he was, as I have said, a shy man; but he gave in 
full measure his confidence and his love to those whom lie called 
friend. 

A long life filled with many perplexities left his soul white. This 
Xatioii and the world at large is the richer for the life of this 
great man. 
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